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Abstract 
Lord Howe Island (LHI) is an ideal location for researching the speciation process. The 
diversity of unique species, its isolation and minute size offer a rare opportunity to investigate 
the contribution that speciation has made to the entire flora of an ecosystem. On LHI, 
speciation in sympatry has been documented previously in Howea palms and this project 
sought to investigate whether this divergence was an exceptional occurrence or if the process 
is more general. A phylogenetic approach was used to acquire the first estimates of the 
frequency of sympatric speciation and speciation with gene flow in a community of island 
plants. The results indicate that speciation with gene flow may be relatively common on LHI. 
Biogeographic patterns show that Australia is a major source of species for LHI and that, for 
a given region, the number of immigrants that can establish and speciate is dependent on 
dispersal limitation and niche conservatism. Speciation events in two genera (Metrosideros 
and Coprosma) were examined in greater detail to determine whether ecological divergent 
selection may have promoted the evolution of reproductive isolation. In both cases, evidence 
is presented demonstrating that natural selection, habitat isolation and competitive exclusion 
may have played vital roles in these speciation events. Closer examination of speciation in 
Coprosma revealed that six species have evolved following a single colonisation of LHI, the 
first documented evidence for a sympatric radiation in plants. Four of these species have 
evolved via speciation with gene flow and two species are derived from hybrid speciation 
events; supporting theories that speciation with gene flow and hybrid speciation may be 
integral to the onset of an adaptive radiation. Together with speciation in Howea, these new 
cases show that ecologically driven speciation with gene flow is an important source of 
biodiversity on LHI and potentially in other botanical communities. 
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1.1 SPECIATION RESEARCH: PAST AND PRESENT 
1.1.1 A brief history of speciation research 
The origin and accumulation of species diversity has become an increasingly popular and 
important area for scientific research. In particular, investigating the patterns and processes 
which govern the formation of new species (speciation) is key to understanding and 
explaining the incredible diversity of organisms found on the planet (Howard & Berlocher 
1998; Coyne & Orr 2004; Butlin et al. 2008a). Despite the considerable interest and dramatic 
growth in scientific publications on the subject of speciation, many of its fundamental 
principles remain poorly understood and continue to be heavily debated (Coyne & Orr 2004; 
Schluter 2009; Sobel et al. 2009).   
The publication of Darwin‟s On the Origin of Species in 1859 set the stage for speciation 
research. However, without a clear understanding of the mechanism of inheritance, the 
subsequent study of speciation was predominantly concerned with the evolution of 
morphological species differences (Coyne & Orr 2004; Schluter 2009). On the Origin of 
Species also marked the beginning of disputes over the definition of the word “species” and 
how species can be effectively identified in nature, a problem which is yet to be fully 
resolved (Hey 2001; de Queiroz 2007). Current understanding of speciation stems from the 
“Modern Synthesis” of Darwinian natural selection, mendelian genetics and biogeography 
(Berlocher 1998b; Coyne & Orr 2004). During this period, Dobzhansky‟s influential work 
Genetics and the Origin of Species (1937) pointed out the importance of traits that limit gene 
flow in speciation. Mayr (1942) cemented the study of reproductive isolating mechanisms in 
speciation research by defining the “biological species concept” which he later refined to 
“groups of interbreeding natural populations that are reproductively isolated from other such 
groups”(Mayr 1996). Mayr (1963) also highlighted the role of biogeography in the speciation 
process and postulated that divergent evolution of new species could only occur in 
geographically isolated populations.  
Since the 1980‟s computational, comparative and genetic approaches have been essential 
to the explosion in research addressing many aspects of speciation, often challenging the 
ideas formed during the Modern Synthesis (Howard & Berlocher 1998; Schluter 2000; Coyne 
& Orr 2004; Butlin et al. 2008a; Sobel et al. 2009). For example, intense debate surrounds 
the importance of geographic isolation (Gavrilets 2003; Barluenga et al. 2006; Savolainen et 
al. 2006a; Butlin et al. 2008b; Kisel & Barraclough 2010) and ecological divergence in 
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promoting speciation (Schluter 1992, 2000; Doebeli et al. 2005; Nosil et al. 2009b; Schluter 
2009; Sobel et al. 2009). Similarly, controversy continues regarding the definition 
(Fitzpatrick et al. 2008, 2009; Mallet et al. 2009) and frequency of sympatric speciation 
(Barraclough & Vogler 2000; Coyne & Price 2000; Fitzpatrick & Turelli 2006; Jiggins 2006; 
Stuessy et al. 2006; Phillimore et al. 2008). Advances in genomic techniques are currently 
greatly advancing understanding of genetic differentiation between populations, morphotypes 
and species (Wilding et al. 2001; Egan 2008; Galindo 2009). Currently, the potential for 
different isolating mechanisms to cause evolutionary divergence (Mallet 2007; Nosil 2007; 
Rieseberg & Willis 2007; Whittall & Hodges 2007; Smadja & Butlin 2008; Devaux & Lande 
2010), and the genetic complexity of traits involved in selection and speciation are vibrant 
areas of research (Via & West 2008; Hodges & Derieg 2009; Nosil et al. 2009a; Michel et al. 
2010; Stapley et al. 2010). 
1.1.2 A note on the biological species concept (BSC) 
“It is clear that arguments [over species concepts] will persist for years to come but equally 
clear that, like barnacles on a whale, their main effect is to retard slightly the progress of the 
field.” Jerry Coyne (1992b). 
Studying the speciation process is complicated by the difficulty in defining the point at which 
a divergent population becomes a distinct species. At least 22 different species concepts exist 
(Hey 2001; de Queiroz 2007), however, the BSC remains the most widely used in speciation 
research (Coyne & Orr 2004). This is not to say that the BSC does not have problems, either 
in its use to delimit species, e.g. hybridization by distantly related species is not uncommon, 
or in its precise definition; Mayr revised the concept several times himself (Mayr 1963; Mayr 
1996; Hey 2001; Coyne & Orr 2004). However, unlike other species concepts the BSC helps 
our understanding of why groups of organisms are organised into discrete clusters, that is, 
reproductive isolating barriers prevent them from merging into a single homogeneous 
population. Furthermore, the BSC continues to frame speciation research as the endeavour to 
understand how and why isolating barriers arise and maintain biodiversity. Recently a more 
relaxed version of the BSC has emerged, which permits that distinct species may be 
substantially but not completely reproductively isolated (Coyne & Orr 2004) and this version 
is adopted here. This distinction is important because low levels of gene exchange often 
occur between distinct sympatric species, especially when those species have diverged 
without geographic isolation.  
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1.1.3 Defining the patterns and processes of speciation 
1.1.3.1 Allopatric and peripatric speciation 
Species divergence in geographic isolation (allopatry) continues to be widely accepted as the 
most common geographic mode by which speciation can occur (Mayr 1963; Mayr 1982; 
Coyne & Orr 2004). Ongoing gene exchange is considered to be a major hindrance to 
population splitting and, ultimately, to the evolution of new species (Mayr 1963; Coyne 
1992a). Complete geographic isolation of populations prevents gene flow between them, 
allowing the processes of genetic drift and mutation to cause genetic divergence and, given 
enough time, to the evolution of genetic incompatibilities causing intrinsic prezygotic or 
postzygotic reproductive isolation of the groups (Coyne & Orr 2004). Under this scenario, 
divergent or sexual selection are not actually necessary for new species to evolve, although 
they are likely to play important roles in prezygotic and extrinsic postzygotic reproductive 
isolation and reinforcement if the species‟ ranges shift and they come into secondary contact 
(Coyne & Orr 2004; Schluter 2009; Sobel et al. 2009). Peripatric speciation is a special case 
of allopatric speciation where one of the initial populations is very small (Mayr 1982). 
1.1.3.2 Sympatric and parapatric speciation 
“But from reasons already assigned I can by no means agree with this naturalist [Moritz 
Wagner], that migration and isolation are necessary elements for the formation of new 
species.” - Charles Darwin (1859; p79, sixth edition). 
Sympatric and parapatric speciation differ from the other modes in that geographic isolation 
of diverging populations is not complete and speciation occurs despite some genetic 
exchange (Coyne & Orr 2004; Fitzpatrick et al. 2008; Mallet et al. 2009). In order for species 
to diverge without geographic isolation, a biological mechanism is required to counter-
balance the homogenising effect of gene flow (Coyne 1992a; Dieckmann & Doebeli 1999; 
Tregenza & Butlin 1999). Definitions of sympatric and parapatric speciation come in two 
forms. Biogeographic definitions focus on the spatial geographic pattern under which 
speciation is initiated.  Alternatively, population genetic definitions, are concerned with the 
probabilities of mating and migration between populations during speciation (for examples of 
each see Fitzpatrick et al. 2008).  The relative merits and disadvantages of both views 
continue to be debated thoroughly (Gavrilets 2003; Coyne & Orr 2004; Butlin et al. 2008b; 
Fitzpatrick et al. 2008, 2009; Mallet et al. 2009; Kisel & Barraclough 2010).  
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In population genetic definitions allopatric and sympatric speciation form two extreme 
ends of a scale. At one end of the scale, two species evolve from completely isolated 
populations (allopatric speciation), at the other, two species arise from a single panmictic 
population (sympatric speciation). Speciation events that take place under the varying levels 
of migration and mating that exist between these extremes constitute parapatric speciation 
(Gavrilets 2003; Gavrilets 2004; Butlin et al. 2008b; Fitzpatrick et al. 2009; Mallet et al. 
2009). Population genetic definitions are sufficiently precise to be applied in mathematical 
models of speciation and have been applied in this context to demonstrate that speciation 
under these conditions is theoretically possible (Tregenza & Butlin 1999; Gavrilets & Vose 
2007; Gavrilets et al. 2007), but they contain no explicit spatial component (Fitzpatrick et al. 
2008, 2009; Mallet et al. 2009). This has lead some researchers to hypothesise that parapatric 
speciation is the dominant force in nature as the criteria for allopatric and sympatric 
speciation are so specific that they must be by definition rare (Butlin et al. 2008b; Fitzpatrick 
et al. 2008; Nosil 2008; Mallet et al. 2009). Additionally, the requirement of initial panmixia 
for sympatric speciation is nearly impossible to translate to the study of wild populations, as 
we cannot directly observe the event and mating in wild organisms may never truly be 
random (Endler 1977; Butlin et al. 2008b; Mallet et al. 2009).  
Table 1.1 Definitions of allopatric, parapatric and sympatric speciation from Mallet et al. (2009) 
Geographic mode Spatial population genetic definition 
Sympatric 
“Where individuals are physically capable of encountering one another 
with moderately high frequency.” 
Parapatric 
“Where groups of populations occupy separate but adjoining geographic 
regions, such that only a small fraction of individuals in each encounters 
the other.” 
Allopatric 
“Where groups of populations are separated by uninhabited space across 
which dispersal and gene flow occurs at very low frequency.” 
As others have noted, this slightly trivialises the debate over the role of geographic 
isolation in the speciation process (Mallet et al. 2009). Despite the criticism that 
biogeographic definitions contain artificially discrete categories (Mayr 1982; Butlin et al. 
2008b), they allow us to address Mayr‟s proposition that allopatric speciation has been the 
dominant mode, as well as limiting the evolutionary forces that might be acting in different 
situations (Coyne & Orr 2004; Mallet et al. 2009). Consequently, empirical studies 
addressing the geography of speciation (Barraclough & Vogler 2000; Coyne & Price 2000; 
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Fitzpatrick & Turelli 2006; Phillimore et al. 2008; Kisel & Barraclough 2010) or 
investigating specific speciation events (Barluenga et al. 2006; Savolainen et al. 2006a; 
Babik et al. 2009) commonly adopt biogeographic definitions. In some cases this is not 
explicitly stated, instead authors refer instead to divergence in allopatry or sympatry, e.g. 
Quesada et al., (2007). On less otherwise stated, I adopt a modified biogeographic view of 
sympatric and parapatric speciation throughout this thesis, typified by the definitions of 
Mallet et al. (2009, see Table 1.1). 
1.1.4 Causes of reproductive isolation during sympatric and parapatric speciation 
In sexual organisms, four biological processes can bring about speciation in 
sympatry/parapatry: allopolyploid speciation, autopolyploid speciation, homoploid hybrid 
speciation (sometimes known as recombinational speciation) and speciation with gene flow. 
Table 1.2 summarises some differences between these classes of speciation. First, in both 
forms of polyploid speciation reproductive isolation of the emergent species is a nearly 
instantaneous by-product of polyploidisation (Ramsey & Schemske 1998; Coyne & Orr 
2004; Mallet 2007; Rieseberg & Willis 2007). On the other hand, the evolution of 
reproductive isolation in homoploid hybrid speciation and speciation with gene flow is reliant 
on some form of divergent selection and is unlikely to occur in a single step (Dieckmann & 
Doebeli 1999; Tregenza & Butlin 1999; Coyne & Orr 2004; Rundle & Nosil 2005; Gompert 
et al. 2006; Mallet 2008; Nosil et al. 2009b). It is important to note that divergent selection is 
almost certainly instrumental in the persistence of the species generated by all of the above 
processes, but does not play a role in the evolution of reproductive isolation during 
polyploidisation (Schluter 2000, 2001; Coyne & Orr 2004; Rundle & Nosil 2005; Sobel et al. 
2009). The second difference relates to the number of species required to initiate a new 
speciation event (Table 1.1). When autopolyploidisation and speciation with gene flow occur, 
two distinct species arise from a single ancestral population. Allopolyploid and homoploid 
hybrid speciation both require the crossing of two distinct species to generate a third lineage 
(Ramsey & Schemske 1998; Coyne & Orr 2004; Gavrilets 2004; Mallet 2007; Rieseberg & 
Willis 2007).  
1.1.4.1 Polyploid speciation 
Polyploid individuals possess three or more complete assemblages of chromosomes. When a 
new species arises as a result of an increase in the number of chromosome sets this is known 
as polyploid speciation (Ramsey & Schemske 1998; Mallet 2007; Rieseberg & Willis 2007). 
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In these cases speciation is instantaneous because of the incompatibility and sterility 
associated with crosses between the original species and the polyploid species (Ramsey & 
Schemske 1998). Polyploidisation can develop through three main mechanisms; somatic 
doubling, meiotic non-reduction and polyspermy (Ramsey & Schemske 1998; Mallet 2007; 
Rieseberg & Willis 2007). New polyploid species can either be derived from a single 
progenitor (autopolyploidy) or by hybridisation of two distinct species (allopolyploidy; 
Ramsey & Schemske 1998). Estimates of the frequency of polyploid speciation in nature vary 
according to the method used and the group assessed (Coyne & Orr 2004). In animals, 
polyploid speciation is generally accepted to be exceptionally rare (Otto & Whitton 2000), 
whereas in vascular plants recent estimates range from 2 - 15% in angiosperms and 7 - 31% 
in ferns (Otto & Whitton 2000; Wood et al. 2009).  
 
Alloployploid speciation is often considered to occur considerably more frequently than 
autopolyploid speciation, despite the fact that autopolyploidy has been estimated to occur at 
higher rates than allopolyploidy (Ramsey & Schemske 1998; Coyne & Orr 2004; Mallet 
2007). The discrepancy between the rates of auto- and allopolyploidy and the frequency of 
subsequent speciation may be for two reasons: (1) although autopolyploids form more often, 
they may be less capable of persisting as they are usually ecologically similar to, and thus in 
competition with, their progenitors. The result is that they frequently go extinct or replace the 
original diploid species. Allopolyploids on the other hand are often morphologically and 
ecologically divergent from the progenitor species and so may be better suited to co-exist or 
colonise new habitats (Ramsey & Schemske 1998; Mallet 2007; Rieseberg & Willis 2007; 
Sobel et al. 2009). (2) Autopolyploids are often morphologically indistinguishable from their 
diploid progenitors and as a result they may not be detected. This problem is further 
compounded by the reticence of taxonomists to describe cryptic polyploids as new species 
(Rieseberg & Willis 2007; Soltis et al. 2007). Although opinions differ over which 
Table 1.2 Sympatric and parapatric speciation processes 
Speciation process 
Divergent selection required 
for RI 
Number of species required 
to initiate speciation 
Autopolyploid speciation NO ONE 
Allopolyploid speciation NO TWO 
Homoploid hybrid speciation YES TWO 
Speciation with gene flow YES ONE 
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explanation is more likely, it is generally accepted that allopolyploid speciation is much more 
common (Mallet 2007).  
1.1.4.2 Speciation with gene flow  
One of the central questions in speciation research is how ecologically driven divergent or 
disruptive selection might lead to population differentiation, reproductive isolation and the 
eventual evolution of new species in the face of ongoing gene flow (Schluter 2001; 
Kirkpatrick & Ravigné 2002; McKinnon et al. 2004; Rundle & Nosil 2005; Hendry et al. 
2007; Butlin et al. 2008b; Mallet 2008). Divergent or disruptive selection pressures imposed 
by ecological interactions can have a considerable impact on divergence of adaptive 
morphological and physiological traits. For this to develop into “ecological speciation” this 
environmentally driven divergence needs also to be the root mechanism by which barriers to 
gene flow evolve between populations (Schluter 2001; Coyne & Orr 2004; Rundle & Nosil 
2005). The term ecological speciation has been accused of being a misnomer as ecology is 
expected to play some role in all speciation events (Sobel et al. 2009), however, I use it here 
as the concept is clearly defined and widely applied.  
Three components are required to cause ecological speciation with gene flow; an 
ecological source of divergent selection, a reproductive isolating mechanism and a genetic 
mechanism to link the divergent selection and isolation (Schluter 2000, 2001; Kirkpatrick & 
Ravigné 2002; McKinnon et al. 2004; Rundle & Nosil 2005). Ecological divergent selection 
can stem from numerous sources that are not mutually exclusive. Factors promoting 
divergent selection may be abiotic - such as climate, habitat structure and resource abundance 
- or biotic - such as sexual selection, inter- or intra-specific competition and predation 
(Schluter 2000; Rundle & Nosil 2005). Similarly, reproductive barriers can take various 
forms, both prezygotic (e.g. Habitat isolation, temporal isolation, pollinator isolation, 
behavioural isolation) or postzygotic (e.g. Hybrid inviability or sexual selection against 
hybrids; Schluter 2000; Coyne & Orr 2004; Rundle & Nosil 2005; Sobel et al. 2009). In order 
for divergent selection and reproductive barriers to interact and lead to population divergence 
a genetic mechanism is required to link the two processes, making them heritable. 
Theoretically, this can occur via the evolution of a pleiotropic „magic trait‟, through linkage 
disequilibrium between genes involved in local adaptation and assortative mating, or because 
ecological differences within a species range produce divergent genetic adaptations as well as 
plastic responses that confer reproductive isolation (e.g., environmentally controlled shifts in 
flowering time; Dieckmann & Doebeli 1999; Tregenza & Butlin 1999; Gavrilets 2003; Coyne 
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& Orr 2004; Mallet et al. 2009; Devaux & Lande 2010). Uniform selection (mutation order 
speciation) and genetic drift may play important roles during ecological speciation in 
allopatry, but not in sympatry or parapatry (Coyne & Orr 2004; Schluter 2009). Evidently, 
the genetic basis of divergence and the nature of the isolating barriers may differ between 
specific speciation events, nevertheless, divergent natural selection is likely to be the driving 
force behind the evolution of reproductive isolation in any instance of speciation with gene 
flow (Dieckmann & Doebeli 1999; Higashi et al. 1999; Kirkpatrick & Ravigné 2002; Doebeli 
& Dieckmann 2003; Doebeli et al. 2005). 
1.1.4.3 Homoploid hybrid speciation 
The process by which new genotypes are generated differs between homoploid hybrid 
speciation and speciation with gene flow. Despite this, the same obstacle of continuing gene 
exchange must be overcome in order for hybridisation to progress to speciation. Without 
allopatric separation of the hybrid population this is believed to occur through ecological 
speciation in a similar fashion to speciation with gene flow (Buerkle et al. 2000; Coyne & 
Orr 2004; Mavarez et al. 2006; Mallet 2007; Rieseberg & Willis 2007). An additional 
problem also faces new hybrid species; competition with its progenitors. Hybrid genotypes 
are unlikely to be at a competitive advantage in either of the parent species habitats, for them 
to persist they must be pre-adapted to, and near the fitness maxima of, an available niche 
(Coyne & Orr 2004; Mallet 2007; Rieseberg & Willis 2007; Sobel et al. 2009). This insight 
has lead to the general acceptance that homoploid hybrid speciation is relatively rare, but 
examples exist in both plants (Rieseberg et al. 1995; Rieseberg et al. 2003) and animals 
(Gompert et al. 2006). 
1.1.5 Studying sympatric speciation and speciation with gene flow in natural 
populations 
1.1.5.1 Empirical studies of speciation 
Laboratory experiments, particularly those involving Drosophila species, have produced a 
wealth of knowledge regarding the potential for selection to drive pre- and post-zygotic 
isolation, the order in which isolating barriers may arise, the genetics of speciation and the 
plausibility of ecological speciation (Coyne & Orr 1989; Rice & Hostert 1993; Coyne & Orr 
1997; Rundle et al. 2005; Mallet 2006; Noor & Feder 2006; Bolnick & Fitzpatrick 2007; 
Dettman et al. 2007; Schluter 2009; Swami 2009). When it comes to assessing ecological 
speciation in laboratories, many studies have focused on a single type of reproductive 
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isolating barrier or source of selection and so the picture is far from complete (Rundle & 
Nosil 2005; Schluter 2009). Unfortunately, the ability of laboratory experiments to inform us 
about the frequency of these processes in nature is limited, partly because the studies are 
concentrated on a limited number of model organisms, but also because questions remain as 
to whether they truly resemble the events that occur in natural populations (Odeen & Florin 
2000; Florin & Odeen 2002).  
Studying natural populations offers a way to bridge these gaps in our scientific knowledge. 
In speciation research, studies of wild populations generally take advantage of four 
approaches, either singly or in unison. (i) Isolated islands and archipelagos are particularly 
useful for speciation research as they often harbour high proportions of endemic species and 
can be considered as relatively closed systems (Coyne & Price 2000; Losos & Schluter 2000; 
Savolainen et al. 2006a; Stuessy et al. 2006; Kisel & Barraclough 2010). (ii) In some groups 
of organisms, parallel evolution of morphotypes/ecotypes from separate origins allows direct 
comparison of the processes acting in independent replicates. Despite being relatively rare 
occurrences, several of these natural experiments have proved to be incredibly fruitful 
sources of research (Losos 1994; Rundle et al. 2000; McKinnon et al. 2004; Butlin et al. 
2008b; Nosil et al. 2008; Peccoud et al. 2009). (iii) Identification of recently diverged sister 
species or ecologically and phenotypically divergent populations of the same species have 
provided evidence for the ecological drivers and genetic basis of divergent/disruptive 
selection and reproductive isolation (Szymura & Barton 1991; Jiggins et al. 2001; Ramsey et 
al. 2003; Bonin et al. 2006; Hoekstra et al. 2006; Chamberlain et al. 2009). (iv) Phylogenetic 
comparative methods (Felsenstein 1985b) have been used to investigate the geographic mode 
of speciation (Barraclough & Vogler 2000; Losos & Glor 2003; Fitzpatrick & Turelli 2006), 
ecologically driven trait evolution (Losos & Miles 1994) and increased rates of species 
divergence (Barraclough et al. 1998a; Barraclough et al. 1998b; Barraclough et al. 1999; 
Barraclough & Nee 2001), and adaptive radiations (Baldwin 1997; Schluter 2000). In terms 
of studying sympatric speciation these approaches can, and have, been applied to 
macroevolutionary studies addressing the geographic setting of speciation and 
microevolutionary studies concerned with both identifying case studies and investigating the 
mechanisms and barriers driving divergence. 
1.1.5.2 The Geography of speciation: assessing the frequency of sympatric speciation 
It is well established that geography plays a key role in the formation of new species (Mayr 
1963), however, there is still controversy as to whether geographic separation is actually 
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necessary for speciation to occur and as a result, it is unclear to what extent each of the 
geographic modes of speciation (allopatric, sympatric, parapatric and peripatric) have 
contributed to current diversity patterns (Barraclough & Vogler 2000; Barraclough & Nee 
2001; Coyne & Orr 2004). A major obstacle is that as time accumulates following a 
speciation event, so too can adaptive changes allowing sister species to co-exist. As a 
consequence post-speciation range shifts can mask the original geographic setting for 
speciation events (Berlocher 1998a). This confounds attempts to unravel geography‟s 
influence on speciation events in both macro-evolutionary (Barraclough & Vogler 2000; 
Barraclough & Nee 2001; Fitzpatrick & Turelli 2006) and micro-evolutionary studies 
(Schliewen et al. 1994; Rundle et al. 2000). Two main approaches have been applied to 
studies assessing the frequency of speciation modes: (i) comparative studies using current 
species distributions to infer the geographic distribution at speciation events, making the 
assumption that current distributions reflect ancestral distributions (Barraclough & Vogler 
2000; Losos & Schluter 2000; Fitzpatrick & Turelli 2006; Phillimore et al. 2008) and (ii) 
assessments of the frequency of co-occurring endemic island species belonging to the same 
genus, under the assumption that these cases constitute in situ speciation events (Coyne & 
Price 2000; Stuessy et al. 2006; Kisel & Barraclough 2010). 
Overall, very few studies have attempted to address the frequency of speciation without 
geographic isolation within island communities or taxonomic groups, and those that have 
indicate that it is exceptionally rare (Barraclough & Vogler 2000; Coyne & Price 2000; Losos 
& Schluter 2000). Kisel and Barraclough demonstrated that the geographic scale required for 
speciation is related to the spatial scale of gene flow, and so, for organisms to speciate on 
small islands they must have very restricted dispersal (Kisel & Barraclough 2010). In 
animals, speciation at small spatial scales has been ruled out for some taxa, e.g. in island 
birds (Coyne & Price 2000) and Caribbean Anolis lizards (Losos & Schluter 2000). 
1.1.5.3 The geography of speciation: Identifying sympatric speciation events 
Evidence from comparative studies that sympatric speciation is uncommon appears to be 
born out by the scarcity of convincing case studies found in nature. However this may be a 
reflection of the difficulties faced when attempting to prove that sympatric speciation has 
taken place, rather than its limited occurrence (Berlocher 1998a; Coyne & Orr 2004). While a 
great deal of information about the mechanisms and processes of evolution that cause 
sympatric speciation can be gleaned from parapatric species or secondary contact zones, 
direct evidence of the processes in nature can only come from studies of genuinely sympatric 
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speciation events. To do so, one must first identify potential cases (e.g. congeneric species on 
islands or in lakes) and then ascertain whether they constitute sympatric speciation or not. 
Coyne and Orr (2004) proposed four conditions that need to be fulfilled for confirmation of a 
sympatric speciation event; (1) species must be sister taxa, (2) an allopatric phase in their 
divergence must be highly unlikely, (3) species must occur in sympatry and (4) species must 
demonstrate reproductive isolation. Additionally, the sister species relationship of species 
recovered in phylogenetic reconstructions must not be an artefact of hybridization (Coyne & 
Orr 2004). Although it is not stated explicitly in the criteria, hybrid speciation (homoploid or 
polyploid) would be excluded by criterion 1 if both progenitors have been sampled in a 
phylogenetic study. Furthermore, if polyploidisation is not evident in the sympatrically 
diverging species then fulfilment of these criteria is a strong indication that speciation in the 
face of strong gene flow has taken place.  
Only a handful of studies meet all of these criteria (Sorenson et al. 2003; Barluenga et al. 
2006; Savolainen et al. 2006a), and although they are mostly accepted as good cases, all have 
their critics (Stuessy 2006; Bolnick & Fitzpatrick 2007). Investigation of Amphilophus 
species in Lake Apoyo (a Nicaraguan crater lake) provided evidence for assortative mating 
between and the monophyly of Amphilophus citrinellus  and A. zaliosus, as well as of their 
divergence in resource use and eco-morphology (Barluenga et al. 2006). Similarly, a recent 
study of two palm species (Howea belmoreana and Howea forsteriana) on Lord Howe Island 
(LHI) provided evidence of sympatric speciation in the evolution of these morphologically 
and ecologically distinct species. The two species are reproductively isolated through 
flowering time shifts that may have been initiated by edaphic differences (Savolainen et al. 
2006a). Further investigation of the Howea palms has revealed that despite being wind 
pollinated there is evidence for very low levels of isolation-by-distance within each species 
(Babik et al. 2009). As a result, under population genetic definitions this event would be 
considered parapatric as it may violate the criteria of initial panmixia (Fitzpatrick et al. 2008).  
1.1.5.4 Studying the processes of evolution acting during speciation with gene flow 
Integration of genetic studies of population divergence with ecological and morphological 
analyses is a key part of elucidating the roles of adaptation driven by selection, genetic drift 
and mutation in species formation. It has been proposed that the main interest should focus on 
the ecological causes of divergent selection, the genetic basis for differentiation and the 
relationship between these factors (Butlin et al. 2008b). Evidence for the existence of 
ecologically driven divergent or disruptive selection on the genetic differentiation of 
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populations and ecotypes is becoming more common in the scientific literature, particularly 
convincing when similar environmentally correlated differentiation has been replicated in 
independent populations (Nosil et al. 2002; Butlin et al. 2008b; Schluter 2009). The methods 
used to studying speciation with gene flow vary dramatically depending on the question 
being asked. Attempts to demonstrate the role of selection in the evolution of reproductive 
isolation have included manipulation (Schemske & Bradshaw 1999), reciprocal transplant 
(Angert & Schemske 2005) and hybridization experiments (Jiggins et al. 2001; Naisbit et al. 
2001), while, the drive to understand the genetic basis for reproductive and ecological  
divergence has focused on indentifying specific genes involved in adaptation and 
reproductive isolation (Hoekstra et al. 2006; Hodges & Derieg 2009; Stapley et al. 2010), and 
investigating the numbers of genes involved in the evolution of reproductive isolation and  
the genetic signatures of selection (Barton & Hewitt 1981; Szymura & Barton 1991; Wright 
et al. 2000; Butlin et al. 2008b; Nosil et al. 2008; Smadja et al. 2009). 
 
1.2 LORD HOWE ISLAND: A MODEL SYSTEM FOR STUDYING SPECIATION 
1.2.1 Lord Howe Island formation and climate 
Lord Howe Island (LHI) is a small island (16km
2
) lying at the southern end of a 1000km line 
of volcanic seamounts which extends northwards along the Lord Howe Rise (McDougall et 
al. 1981; Pickard 1983). Located 600km east of Australia (Fig. 1.1), the nearest seamount, 
Ball‟s Pyramid, emerges from the sea some 24km SSE of LHI. The next link in the chain is 
Elizabeth reef 160km north.  The island is the eroded remains of a large shield volcano which 
first became active 6.9 mya and rapidly became dormant, producing the last of the island‟s 
basaltic rocks 6.4 mya (McDougall et al. 1981). Currently, the landscape is highly 
heterogeneous, in the south two heavily eroded mountains, Mt. Lidgbird (777m) and Mt. 
Gower (875m), dominate the skyline with numerous cliffs and creeks intersecting the area to 
produce a patchwork of different habitats (McDougall et al. 1981; Pickard 1983; Savolainen 
et al. 2006a). 
Studies of the geology and bathymetry indicate that the volcanic areas of LHI currently 
above sea level were rapidly eroded into their current state within 1-2 Myr of the initial 
eruption and have since been buffered from significant wave erosion by the presence of coral 
reefs (Kennedy 2002; Brooke 2003; Woodroffe et al. 2006). These studies also indicate that 
neither LHI nor Ball‟s pyramid have subsided, but changes in sea level during glacial periods 
25 
 
would have increased the size of both to the extent of the shelves upon which they sit (Fig. 
1.2; Kennedy 2002; Brooke 2003; Woodroffe et al. 2006). Deposition of calcareous material 
during periods of low sea level in the late Pliocene and Pleistocene provided the island with 
the sedimentary Ned‟s Beach Calcarenite which is dominant in the north of the island below 
100m (McDougall et al. 1981).  
 
Figure 1.1 Satellite image showing the position of LHI in the Tasman sea and the five nearest 
landmasses to the island. 
The island‟s climate is essentially sub-tropical with the humidity ranging between 68 and 
73 percent throughout the year (Pickard 1983). The mean number of rain days per month 
ranges from 11 in summer to 22 in the winter with a similar seasonal pattern seen in the mean 
monthly precipitation (Gentilli 1971; Pickard 1983). Cloud cover is often present, particularly 
around the mountains which generate their own orogenic cloud. As a result rainfall in the 
south is more common, producing a wetter environment. Mean annual temperature is 19.1°C 
and temperatures at the summits are calculated to be about 6-8°C lower than the lowlands. 
There is no record of a frost ever hitting the island. Wind speeds and directions do vary 
dramatically, but onshore resultants for winds from the North-east and South-east are 
considerably more dominant and stronger in magnitude (Pickard 1983). These variations in 
climate generate localised microclimatic changes enhancing the patchiness of the 
environment.  
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Figure 1.2 20m x 20m Digital elevation model of LHI and Ball‟s pyramid past and present. Red 
outlines denote the current extent of LHI and Ball‟s pyramid. The green areas constituting the largest 
areas of the islands in the past are currently between 0-100m below sea level. This map was 
reconstructed from bathymetric readings and topographic maps of the island using ArcGIS V9.2 
(ESRI, 2009). 
1.2.2 The vegetation of LHI and the impact of human settlement 
Habitat differentiation on the island is reflected in the vegetative assessment of Pickard 
(1983), in which he identified nine broad scale vegetative formations which were then 
divided into 18 plant alliances, these in turn he further classified into finer scale plant 
associations (Fig. 1.3; Table S1.1). Although highly detailed and thoroughly documented, 
these associations and the map of their distributions do not completely capture the variation 
that is actually present on the island. The composition of the communities found within these 
associations can vary dramatically at fine scales and, often, many small patches (<20m) of 
one association are scattered throughout a larger patch of another. Examples include the 
scattered patches of Boehmeria - Macropiper throughout the Dracophyllum - Metrosideros 
along the east side of Mount Lidgbird or the Dracophyllum-Metrosideros areas within the 
Cleistocalyx - chionanthus region in the Erskine Valley (personal observations). The majority 
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of the island is covered in dense forest of various kinds, however, there are a number of more 
exposed sites, as well as the offshore islets, where scrub (e.g. the Melaleuca-Cassinia 
alliance) and grassland (the Poa alliance) dominate (personal observations; Pickard 1983).  
First discovered in 1788, settlement of the island began in the 1830‟s, it is now inhabited 
by around 300 permanent residents with as many as 400 visitors at any one time (Pickard 
1983; Hutton et al. 2007). Although there has been extensive clearing of the lowland areas 
for settlement, the vegetation of the Northern hills and the southern mountains has remained 
virtually untouched. Overall, less than 15 percent of the forests have been cleared and less 
than 20 percent of the vegetation is disturbed (Pickard 1983; Auld & Hutton 2004). The first 
botanists arrived on the island in 1853, providing an invaluable record of the flora‟s recent 
history (Pickard 1984). Although three species of bird have be hunted to extinction, the main 
cause of declines in native species appears to be the introduction of exotic biota (Auld & 
Hutton 2004; Hutton et al. 2007). Consumption by introduced animals is likely to have 
caused the extinctions of two plant species (Auld & Hutton 2004). Pigs and feral goats had 
only locally significant impacts on vegetation (Pickard 1976) and these species, as well as 
feral cats, are now believed to be absent from the island due to eradication programs (Auld & 
Hutton 2004; Hutton et al. 2007). The extinctions of a further five bird species, and one 
subspecies, have be attributed to the introduction of ship rats in 1918 (Hutton et al. 2007). 
Rats are believed to be the cause of the disappearance of two invertebrate species from the 
main island and severe declines in population numbers of the only two native lizards (Case 
1991) and an endemic worm species (Hutton et al. 2007). Several plant species suffer from 
heavy predation of seeds and fruits and others, mainly the palm species, receive stem damage 
and loss of seedlings, however the impact of this on the ecology of the island is poorly 
understood (Auld & Hutton 2004).  
To date, 230 plant species have been introduced to the island (Pickard 1984; Hutton et al. 
2007), 45 of these appear to be having an impact on native species and the structure of the 
ecological communities (Auld & Hutton 2004; Hutton et al. 2007). The secondary damage 
caused by removing hardy plants to expose more fragile rainforest to strong, salty winds 
appears to be one of the  greatest threats to the islands native wildlife as it both damages the 
native flora and allows invasive species to get a foothold (Pickard 1983; Auld & Hutton 
2004). 
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Figure 1.3 Map depicting plant associations (solid colours) described by Pickard (1983). The majority 
of habitats form small fragmented patches, particularly in the south of the island. See Table S1.1 for 
descriptions of vegetation associations.  
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Despite these problems, the majority of the island‟s vegetation has not been severely 
damaged as threats are localised to certain areas of the island or affect particular species 
(Pickard 1983; Auld & Hutton 2004; Hutton et al. 2007; Brown & Bake 2009). In recent 
decades, a great deal of human effort has been invested in preserving the islands unique 
ecosystem; removal of invasive plant species has been a priority of the local government for 
some time and efforts are underway to eradicate the rat population (Department of 
Environment and Climate Change NSW 2007).  
1.2.3 Why study speciation on LHI? 
The Island‟s wildlife is incredibly diverse and unique; in some groups of the 1600 
invertebrate species endemism is as high as 60%. The LHI flora comprises 242 vascular plant 
species of which 90 are endemic (Green 1994), suggesting that the evolution of new species 
has made a large contribution to the flora of the island. Aside from the diversity and 
distinctiveness of the LHI flora there are several other characteristics of LHI that make it an 
excellent site for speciation research. Having formed as a result of a volcanic eruption, the 
island has never been connected to other landmasses by land bridges. Combined with the 
extreme isolation and small size of the island this is believed to make repeated colonisation 
by the same species, or by close relatives, improbable. As a result, if phylogenetic 
reconstructions reveal that endemic sister species are present on LHI it is most likely that 
they arose through in situ cladogenetic speciation. Furthermore, the small size of LHI reduces 
the possibility that sister species have ever been completely geographically isolated from 
each other. Overall, these properties of the island present an unusually appropriate set of 
circumstances for the identification of sympatric speciation events (Savolainen et al. 2006a; 
Savolainen et al. 2006b), although this has been disputed by some researchers (Stuessy 
2006). Due to the young age of the island, any speciation events on LHI are likely to have 
occurred relatively recently in evolutionary time, facilitating the investigation of factors that 
may have promoted divergence.  
Although the ecological and genetic data for individual LHI plant species is of a basic 
level, the LHI flora has recently been subjected to a thorough taxonomic treatment (Green 
1994). Additionally, detailed studies of the vegetative, geological and environmental 
characteristics of the island have been carried out (Gentilli 1971; McDougall et al. 1981; 
Pickard 1983; Kennedy 2002; Brooke 2003; Woodroffe et al. 2006) and the human impact on 
the islands ecosystem is restricted (Auld & Hutton 2004; Department of Environment and 
Climate Change NSW 2007; Hutton et al. 2007). The plants occurring in regions surrounding 
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LHI have been the focus of a great deal of scientific interest (particularly in Australia, New 
Zealand and New Caledonia), and considerable effort has been made to generate genetic data 
for phylogenetic reconstruction of genera in these regions that also occur on LHI (Keppel et 
al. 2009; Heads 2010). These data provide a very useful resource to conduct a broad survey 
of evolutionary relationships of LHI plants and make it possible to investigate sympatric 
speciation in this system. Finally, sympatric speciation has been documented previously on 
the island, resulting in the two endemic palm species, Howea forsteriana and H. belmoreana 
(Savolainen et al. 2006a; Babik et al. 2009). Howea is not the only genus with more than one 
endemic species found on the island; a number of other genera are represented by more than 
one of the 90 endemic plant species making them potential products of in situ speciation. As 
such studying speciation on LHI allows us to address the questions of whether or not 
sympatric speciation can occur repeatedly in the same location and, if it does, whether similar 
ecological and genetic processes can promote sympatric speciation in different organisms. 
 
1.3 AIMS AND OBJECTIVES 
This project aimed to investigate the speciation events giving rise to Lord Howe Island‟s 
vascular flora. Using phylogenetic, population genetic and ecological methods I will attempt 
to address wider questions regarding sympatric speciation and speciation with gene flow. The 
three main objectives of this study were as follows: 
1. To assess the contribution of the different geographic modes of speciation to the 
composition of the LHI flora and gain the first estimates of the relative frequency of 
sympatric speciation of vascular plants in an island system. 
2. To clarify the biogeographic origins of the LHI flora and determine the factors 
controlling dispersal and endemism. 
3. To identify new cases of speciation with gene flow and to investigate the ecological 
and genetic basis in situ divergences on LHI in order to better understand the 
processes driving the evolution of new species. 
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1.4 OUTLINE OF THESIS 
The chapters of this thesis are presented in the chronological order in which the data were 
produced and analysed. 
Chapter 2 assesses the contribution of sympatric speciation and speciation with gene flow 
to the LHI flora, by generating phylogenetic reconstructions for genera that are represented 
by two or more species on LHI. Speciation with gene flow events were identified in two 
genera, Coprosma and Metrosideros and the possible ecological drivers and mechanisms 
behind these speciation events are discussed. 
Chapter 3 explores the biogeographic affinities of, and patterns of endemism within, the 
LHI flora. Using floristic, historical biogeographic and geographic data the contributions of 
different regions to the LHI flora were estimated and predictions regarding the efficacy of 
different long-distance dispersal mechanisms and the impact of isolation on species richness 
and speciation were tested. 
Chapter 4 investigates potential sources of reproductive isolation and mechanisms driving 
speciation of the endemic Metrosideros species on LHI. Chapter 5 considers the in situ 
radiation of the endemic Coprosma species. In both cases, ecological data were collected in 
the field and geographic information systems were used to generate species distribution 
models. Population genetic (AFLP) data were collected and analysed to characterise the 
genetic basis of speciation in these genera, to test for genetic signatures of divergent selection 
and search for genetic correlations with environmental variables. 
Chapter 6 contains a general discussion of the results and overall conclusions. 
 
 
  
32 
 
 
 
 
 
 
 
 
 
Chapter 2 Speciation with gene flow: an important source 
of biodiversity on Lord Howe Island 
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2.1 ABSTRACT  
Understanding the processes underlying the origin of species is a fundamental goal of 
biology. It is widely accepted that speciation requires an interruption to gene flow between 
populations: ongoing gene exchange is considered to be a major hindrance to population 
divergence and, ultimately, to the evolution of new species. Where a geographic barrier to 
reproductive isolation is lacking, a biological mechanism for speciation is required to 
counter-balance the homogenising effect of gene flow. Speciation with initially strong gene 
flow it is thought to be extremely rare and few convincing empirical examples have been 
published. However, using phylogenetic, karyological and ecological data for the flora of a 
minute oceanic island (Lord Howe Island, LHI), I demonstrate here that speciation with gene 
flow may, in fact, be frequent in some instances and could account for one in five of the 
endemic plant species of LHI. I present 11 potential instances of species divergence with 
gene flow, including an in situ radiation of five species of Coprosma (Rubiaceae, the coffee 
family). These results, together with the speciation of Howea palms on LHI, challenge 
current views on the origin of species diversity. 
 
2.2 INTRODUCTION 
Speciation with strong gene flow is controversial among evolutionary biologists (Butlin et al. 
2008b; Fitzpatrick et al. 2008; Mallet et al. 2009). Unlike speciation without gene flow (e.g. 
allopatric seciation and polyploid speciation; Mayr 1963), it requires both divergent natural 
selection and a mechanism to promote non-random mating (Coyne 1992a; Dieckmann & 
Doebeli 1999; Gavrilets 2003). Theoretically, these conditions might coincide via a 
pleiotropic „magic trait‟, through linkage disequilibrium between genes involved in local 
adaptation and assortative mating, or because habitat differences within a species‟ range 
produce divergent genetic adaptations as well as plastic responses that confer reproductive 
isolation, - e.g., environmentally controlled shifts in flowering time (Dieckmann & Doebeli 
1999; Tregenza & Butlin 1999; Gavrilets 2003; Coyne & Orr 2004; Mallet et al. 2009; 
Devaux & Lande 2010). The most controversial incarnation of speciation with gene flow 
occurs during sympatric speciation, when gene exchange is expected to be exceptionally 
high. Numerous definitions of sympatric speciation have been proposed since it was first 
outlined by Charles Darwin (Darwin 1859). Population genetic definitions focus on random 
mating with respect to location or habitat of the mating partners. For the biogeographic 
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definition, which is adopted here, the absence of geographic isolation is the key criterion. The 
relative merits and disadvantages of both views continue to be debated (Gavrilets 2003; 
Coyne & Orr 2004; Butlin et al. 2008b; Fitzpatrick et al. 2008, 2009; Mallet et al. 2009; 
Kisel & Barraclough 2010).  
In plants, evidence for the influence of sympatric speciation with strong gene flow remains 
sparse, with a single study on the Howea palms of Lord Howe Island (LHI) presenting the 
only conclusive evidence (Savolainen et al. 2006a; Babik et al. 2009).  On the other hand, 
sympatric speciation via polyploidisation is well known in plants and is thought to have 
contributed significantly  to species diversity, but is not thought to involve ongoing gene flow 
(Rieseberg & Willis 2007).  Very few studies have attempted to quantify the frequency of 
speciation without geographic isolation and those that have indicate that it is exceptionally 
rare (Barraclough & Vogler 2000; Coyne & Price 2000; Losos & Schluter 2000). Kisel and 
Barraclough demonstrated that the geographic scale required for speciation is related to the 
spatial scale of gene flow, and so, for organisms to speciate on small islands they must have 
very restricted dispersal (Kisel & Barraclough 2010). In animals, speciation at small spatial 
scales has been ruled out for some taxa, e.g. in island birds (Coyne & Price 2000) and 
Caribbean Anolis lizards (Losos & Schluter 2000).  
 In this study, I conduct the first empirical assessment of the frequency of sympatric 
speciation in plants, followed by an investigation of whether sympatric speciation may have 
occurred in the face of gene flow. I use the flora of the remote LHI as a model system and a 
set of strict criteria to classify speciation events. Coyne and Orr (Coyne & Orr 2004) 
proposed four criteria  for confirmation of a sympatric speciation event: [1] species must be 
sister taxa, [2] an allopatric phase in their divergence must be highly unlikely, [3] species 
must occur in sympatry and [4] species must demonstrate reproductive isolation. 
Additionally, the sister relationships recovered in phylogenetic reconstructions must not be an 
artefact of hybridisation (Coyne & Orr 2004). These criteria, which I apply here, provide a 
consistent framework for diagnosing sympatric speciation events. 
Lord Howe Island presents an ideal setting to test the frequency of sympatric speciation in 
plants because the geography and isolation of the island renders an allopatric phase highly 
unlikely (Savolainen et al. 2006a; Savolainen et al. 2006b; Babik et al. 2009). The product of 
a shield volcano which erupted 6.9 million years (Myr) ago (McDougall et al. 1981), this 
small (< 16 km
2
), subtropical island is located 600 km east of Australia. Apart from Ball‟s 
Pyramid (0.2 km
2
), a sea stack 24 km southeast of LHI, there are no other islands in the 
vicinity (McDougall et al. 1981; Woodroffe et al. 2006). It has been proposed that the small 
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size of the island relative to probable rates of gene flow and the lack of any physical barriers 
mean that speciation events occurring within the confines of the island fulfil the second and 
third criteria of Coyne and Orr (Coyne & Orr 2004; Savolainen et al. 2006a; Savolainen et al. 
2006b; Babik et al. 2009). Currently, the topography of the island is heterogeneous. In the 
south, Mt. Lidgbird (777 m) and Mt. Gower (875 m) dominate the skyline and support 
various habitats (McDougall et al. 1981; Pickard 1983). This allows LHI to accommodate a 
remarkable diversity of species given its size: 242 vascular plant species have been recorded, 
90 of which are endemic (Pickard 1983; Green 1994). The LHI flora has been subject to a 
thorough taxonomic treatment (Green 1994) and current species delimitations are likely to be 
indicative of complete, or nearly complete, reproductive isolation between close relatives. 
Here I combine phylogenetic, karyological and ecological evidence to assess the 
contribution of alternative modes of speciation to the composition of the LHI flora. In 
particular, I test to what extent the hypothesis of sympatric speciation with gene flow in 
Howea palms on LHI may be generalised to other native flora. I conduct molecular 
phylogenetic analyses of genera with more than one native species on the island, through 
which sister species groups (i.e. potential sympatric speciation events) can be identified. I 
then evaluate the sister species against a range of evidence from molecular dating, 
chromosome counts and ecology to support or refute them as products of speciation in the 
face of gene flow. Previous studies investigating macro-evolutionary patterns of sympatric 
speciation have often used co-occurrence of congeneric species as proxies for speciation 
events (e.g. Coyne & Price 2000; Kisel & Barraclough 2010); our study is the first to directly 
assess the evolutionary relationships of closely related species within an entire plant 
community. 
 
2.3 MATERIALS AND METHODS 
2.3.1 Biogeographic analyses 
The presence or absence of all native LHI species were coded in 24 biogeographic regions 
(Appendix I: Table S2.1 and S2.2). Regions were defined as described by van Balgooy (van 
Balgooy 1971) with minor modifications. Endemic species (n = 90) or those present in more 
than 10 regions (n = 30) were considered as uninformative. The remaining data for 122 
indigenous species were used to calculate the probability that each region (𝑖) is the source of 
a single species selected at random from the LHI species pool (pi , Equation 1). 
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p𝑖 =
1
𝑁𝑆
  
𝑜𝑖 ,𝑗
 𝑜𝑖 ,𝑗
𝑁𝑅
𝑖=1
 
𝑁𝑆
𝑗=1          (1) 
where Ns is the number of species included, NR is the number of source regions and oi,,j is the 
presence (1) or absence (0) of species j in region i. 
2.3.2 DNA extraction, amplification and sequencing 
A modified protocol of the Doyle and Doyle (1987) method was used to extract total genomic 
DNA from 0.3 to 0.5 g of leaf material dried using silica gel or collected from herbarium 
sheets (Csiba & Powell 2006). DNA was purified using QIAquick columns (Qiagen, 
Crawley, West Sussex, UK) according to the manufacturer‟s protocol. Polymerase chain 
reactions were carried out in 20µl reactions using the primers specified in Table 2.1. The 
PCR protocol included an initial 4 minute denaturation (at 94⁰C) period followed by 28-32 
cycles with 1 minute of denaturation (at 94⁰C), 1 minute of annealing (between 50-58⁰C 
depending on the primer combination), and 1 minute of elongation (72⁰C). PCR products 
were purified using QIAquick PCR columns (Qiagen) using the manufacturer‟s protocol. 
Both forward and reverse strands were sequenced using an Applied Biosystems 3730 
capillary DNA automated sequencer (ABI, Warrington, Cheshire, UK) and Big Dye 
terminator v3.1 chemistry. Reactions were conducted according to the manufacturer‟s 
instructions (ABI). Contigs were assembled and edited in Sequencher version 4.9 
(GeneCodes, Ann Arbor, Michigan, USA). For cloned sequences (ITS, Calystegia and 
Myrsine), Phusion
®
 high-fidelity DNA polymerase (Finnzymes, Keilaranta, Finland) was 
used for PCR amplification according to the manufacturer‟s instructions. PCR products were 
cloned into the pGEM-T cloning vector kit (Promega, Mannheim, Germany). PCR and cycle 
sequencing was carried out as described above for 20 clones, to detect allelic variants. One 
sequence for each detected variant was included in the phylogenetic reconstructions. 
2.3.3 Molecular phylogenetic analyses 
In total 2,456 DNA sequences were downloaded from GenBank, and an additional 294 
sequences were generated for this study (Table S2.3 to S2.33). Applying specific models of 
evolution for each gene region (assessed using MrModeltest v2.2; Nylander 2004), 
phylogenetic tree searches were conducted using BEAST v1.5.2 (Drummond & Rambaut 
2007). Monte Carlo Markov Chains for each tree search were run until the effective sample 
of all estimated parameters exceeded 200 (calculated using Tracer v1.5). When sister 
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relationships were found among LHI species (Fig. S2.1 and S2.2) divergence times were 
estimated using molecular dating (Drummond & Rambaut 2007), calibrated with fossils 
and/or previously published divergence estimates (Table S2.34). Appendix I contains details 
of the Bayesian tree search parameters (Table S2.35) and calibration points (Table S2.34). 
Maximum parsimony phylogenetic reconstructions containing multiple accessions of the LHI 
endemic Metrosideros and Coprosma species were performed in with PAUP* 4.0b10 
(Swofford 2003). Heuristic tree searches were conducted with 1000 random taxon addition 
replicates, tree-bisection-reconnection (TBR) branch swapping, holding 100 trees at each step 
with multrees on. Insertion or deletion characters (gaps) were coded as a fifth state (Simmons 
& Ochoterena 2000). Clade support was estimated using the bootstrap method (Felsenstein 
1985a): 10000 bootstrap replicates, 1 random taxon addition replicate, TBR branch swapping, 
and holding 10 trees at each step. For the Metrosideros parsimony reconstruction; M. 
boninensis, M. collina, M. kermadecensis and M. exelsa were used as outgroups. For 
Coprosma, only species with all three genes were included. 
 
Figure 2.1 Possible speciation scenarios 
on islands. (A – H), Triangles represent 
native island species, with green for 
endemic species, and red for non-
endemics. Circles represent species not 
found on the island. Divergences are 
shown relative to the age of the island 
(AOI). Posterior probabilities (pp) are 
indicated for nodes of interest. (A) 
Sympatric speciation. (C) Allopatric 
speciation. (D) Colonisation without 
speciation. (E – H) Equivocal scenarios. 
(B) Metrosideros nervulosa growing on 
Mt. Gower (LHI). 
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2.3.4 Categorisation of speciation events 
Each species was assigned to one of six speciation categories using strict criteria. (i) 
Sympatric speciation, dependent on fulfilment of the following criteria: (a) LHI species are 
sister species in the phylogenetic tree; (b) both species are endemic; (c) the species 
relationship is strongly supported , i.e. by ≥ 0.9 posterior probability (Erixon et al. 2003); (d) 
the upper 95% confidence interval (C.I.) for the divergence time falls within the age of the 
island, i.e. 6.9 Myr (Fig. 2.1A). (ii) Allopatric speciation, i.e. endemics with no sister species 
on LHI (Fig. 2.1C). (iii) Colonisation without speciation, i.e. non-endemics with no sister 
species on LHI (Fig. 1D). (iv) Hybrid species, i.e. species possessing mixed nrDNA 
sequences. (v) Events meeting a subset of the sympatric speciation criteria (c, d plus either 
criterion a, or that at least one species is endemic) were considered as equivocal (Fig. 1E-G). 
(vi) Unknown mode of divergence, i.e. species with congeners present on LHI, but without 
phylogenetic data to determine the evolutionary relationships of the species. In equivocal 
cases the phylogenetic results cannot distinguish between divergences in allopatry or in 
sympatry, either due to poor resolution in the phylogenetic trees or because the species are 
not endemic and so their location of origin is ambiguous. The species derived from potential 
sympatric speciation events, the timing of their divergence and the level of phylogenetic 
sampling are listed in Table 2.2.  
2.3.5 Geological reconstruction of LHI  
To explore the spatial extent of LHI in the past and assess the possibility of allopatric 
speciation within the island ArcGIS V9.2 (ESRI, 2009) was used to generate a digital 
elevation model for the current extent of LHI and Ball's pyramid, as well as for the 
submerged shelves to 100m below current sea level based on recent bathymetric 
measurements (Kennedy 2002). 
2.3.6 Gene flow at the spatial scale of LHI 
Kisel and Barraclough presented a meta-analysis of data describing the levels of gene flow 
(FST) at different spatial scales for various organisms.  Using the methods of Kisel and 
Barraclough (2010), their angiosperm data have been reanalysed here in two partitions to 
reflect the potential differences in the spatial scale of gene flow for angiosperms employing 
differing modes of pollination and seed dispersal (García-Verdugo et al. 2010). These are: (1) 
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angiosperms with some form of wind-mediated pollen or seed dispersal and (2) plants with 
no form of wind dispersal. 
Table 2.1 Primers used for DNA amplification and sequencing 
Region Genus Primers Source 
rbcL Adiantum 
Asplenium 
Blechnum 
Doodia 
Grammitis 
Pteris 
[RBCL1379R*] TCACAAGCAGCAGCTAGTTCAGGACTC  
[RBCLF1F*] ATGTCACCACAAACAGAAACTAAAGCAAGT  
(Pryer et al. 2001) 
(Wolf et al. 1994) 
 
rbcL Hymenophyllum 
Ophioglossum 
[rbcL_1-1(aF)_1] ATGTCACCACAAACAGAGACTAAAGC 
[rbcL_M1390R] CTTTCCAWAYTTCACAAGCAGCAG 
(Hasebe et al. 1994) 
(Lewis et al. 1997) 
rbcL Cyathea [ESRBCL1F] ATGTCACCACAAACGGAGACTAAAGC  
[ES645F] AGAYCGTTTCYTATTYGTAGCAGAAGC  
[ES663R] TACRAATARGAAACGRTCTCTCCAACG  
[ESRBCL1361R] TCAGGACTCCACTTACTAGCTTCACG  
(Korall et al. 2007) 
(Korall et al. 2007) 
(Korall et al. 2007) 
(Korall et al. 2007) 
rps16 Alyxia 
Coprosma 
Metrosideros 
[rps16 2R] TCGGGATCGAACATCAATTGCAAC 
[rps16 F] GTGGTAGAAAGCAACGTGCGACTT 
(Oxelman et al. 1997) 
(Oxelman et al. 1997) 
 
trnL and 
trnL-F 
Alyxia 
Asplenium 
Blechnum 
Cryptocarya 
Cyathea 
Doodia 
Grammitis 
Geniostoma 
Korthalsella 
Melicope 
Metrosideros 
Ophioglossum 
Pellaea 
Peperomia 
Xylosma 
[trnL-c] CGAAATCGGTAGACGCTACG 
[trnL-d] GGGGATAGAGGGACTTGAAC 
[trnL-e] GGTTCAAGTCCCTCTATCCC 
[trnL-f] ATTTGAACTGGTGACACGAG 
(Taberlet et al. 1991) 
(Taberlet et al. 1991) 
(Taberlet et al. 1991) 
(Taberlet et al. 1991) 
ITS Calystegia 
Coprosma 
Geniostoma 
Korthalsella 
Macropiper 
Melicope 
Metrosideros 
Myrsine 
Olearia 
Peperomia 
Pterostylis 
[ITS 4] TCCTCCGCTTATTGATATGC 
[ITS 5] GGAAGTAAAAGTCGTAACAAGG 
(White et al. 1990) 
(White et al. 1990) 
 
5S Coprosma 
Metrosideros 
[5S-nts F] TGGGAAGTCCTYGTGTTGCA 
[5S-nts R] KTMGYGCTGGTATGATCGCA 
(Cox et al. 1992) 
(Cox et al. 1992) 
ETS Metrosideros [ETS_Metrosideros_18S] 
GAGCCATTCGCAGTTTCACAG 
[ETS_Metrosideros_9bp] 
CATGGGCGTGTGAGTGGTGA 
(Wright et al. 2000) 
(Wright et al. 2000) 
rps4 Hymenophyllum 
Pellaea 
[rps4-trnS_rps5] ATGTCCCGTTATCGAGGACCT 
[rps4-trnS_trnS] TACCGAGGGTTCGAATC 
(Nadot et al. 1994) 
(Nadot et al. 1994) 
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2.3.7 Ecological analyses 
Species occurrences of Coprosma and Metrosideros were recorded along 15 random transects 
of LHI using an eTrex Summit HC. All known altitudinal records of C. inopinata were 
included. Flowering times, altitudinal ranges and ecological preferences were recorded from 
field surveys carried out since 1980 and drawn from previously published data (Pickard 1983; 
Green 1994). A one-way ANOVA was used to test for differences between the mean altitudes 
occupied by Coprosma species and Welch‟s t-test to compare species means for 
Metrosideros. 
2.3.8 Age-Range correlation analyses 
Distribution maps of each species were drawn in ArcGIS V9.2. Maps were drawn as 
described by Barraclough and Vogler (Barraclough & Vogler 2000) from dot maps and text 
descriptions from of species‟ ranges from various sources (Sykes & Campbell 1977; Allan 
1982; Green 1994; Wright et al. 2000; Markey & de Lange 2003; Norton & de Lange 2003; 
Gardner et al. 2004) Biodiversity occurrence data provided by: Australian National 
Herbarium (CANB), Bernice Pauahi Bishop Museum, GBIF New Zealand, Missouri 
Botanical Garden, Royal Botanic Gardens, Kew, National Herbarium of New South Wales, 
Herbier de l'Université Louis Pasteur, accessed through GBIF Data Portal, data.gbif.org, 
2010-10-10 or Australia's Virtual Herbarium, [map output], Council of Heads of 
Australasian Herbaria, viewed 10 October 2010, http://www.ersa.edu.au/avh/). The 
presence/absence of each species in quarter degree squares was then extracted. M. collina is a 
paraphyletic species, for the various accessions of this species I considered the island of 
collection as the range for that sample. The range overlap for each node in the respective 
phylogenetic trees was calculated and plotted against node age using the R statistical package 
(R Development Core Team 2009) and an R script provided by T. Barraclough. 
 
2.4 RESULTS 
The native flora of LHI comprises 242 species in 179 genera. In 139 genera only a single 
species is present on LHI: of these species 42 are endemic to the island. The remaining 40 
genera include between two and six LHI species. In 13 cases, all species are endemic, in 15 
all are non-endemic, and the remaining 12 genera contain a mixture of endemic and non-
endemic species (Table S2.2).  
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Table 2.2 Putative products of sympatric speciation 
Species 
Node 
age 
(Myr)
a
 
Approx. 
elevation 
range 
(meters) 
Principal Habitat 2n
b
 
Coprosma huttoniana (0.80
c
) 2.08 437-857 Abundant tree in cloud forests 44 
C. lanceolaris 5.04 131-852 Common along wet cliff faces 44 
C. putida 1.34 0-860 Understory tree in lowland forest 44 
C. inopinata 4.05 760-780 Rare cliff dwelling species - 
C. sp. nov. 1.34 142-532 Exposed north facing sites 44 
Howea forsteriana (1.00
c
) 1.08 0-400 Common on calcarenite soil 32 
H.belmoreana 1.08 0-500 Restricted to volcanic soil 32 
Metrosideros nervulosa (1.00
c
) 3.53 57-875 Exposed sites above 350m, summits 22 
M. sclerocarpa 3.53 10-481 Wet valleys below 350m 22 
Polystichum moorei (1.00
c
) 4.76 0-50, 400 Under basalt overhangs - 
P. whiteleggei 4.76 300-600 Flanks of mountain summits - 
Alyxia squamulosa (0.16
c
) 2.19 600-875 Mountain summits - 
A. lindii 2.19 0-300 Common in northern hills - 
Asplenium milnei (0.54
c
) 6.47 0-875 Lowland mixed forest - 
A. pteridoides 1.09 600-875 Forest at high altitudes - 
A. surrogatum 1.09 50-875 Southern wet areas - 
Geniostoma huttonii (0.16
c
) 4.37 500-800 Remote ridges of mountains - 
G. petiolosum 4.37 0-500 Sheltered lowland mixed forest - 
Grammitis nudicarpa (0.48
c
) 2.93 700-875 Densely shaded areas of summits - 
G. diminuta 2.93 200-875 Cloud forest - 
All species are endemic. 
a
 Values shown are upper 95% C.I. for time since divergence from nearest relative. 
b
 Species chromosome number. 
c
 Proportion of members of each genus occurring in the five focal regions that were accounted for in 
this study. 
 
2.4.1 Biogeographic analyses of source regions for the LHI flora 
Several genera occurring on LHI are species-rich and widespread. Biogeographic analyses 
were employed to determine the most likely source regions for LHI species. In turn, this 
established which regions are likely to harbour the sister species of LHI plants. The results 
(Table S2.2) show that dispersal from Australia is likely to have had a strong influence on the 
composition of LHI‟s flora (pAustralia = 0.38), with New Zealand, Norfolk Island, New 
Caledonia and the Kermadec Islands also acting as significant source regions (pi = 0.15, 0.14, 
0.10 and 0.03, respectively). Dispersal to LHI from these focal regions accounts for the 
majority of LHI species (pfocal regions = 0.81). The probability of a double colonisation by two 
species from a single region (i.e. closely related species) outside of the focal regions is 
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negligible ([pexcluding focal regions]
2 ≤ 0.0009). As a result, the phylogenetic sampling was 
concentrated on these focal regions (Table S2.2). 
2.4.2 Evolutionary relationships of LHI species 
To assess the evolutionary relationships of co-occurring congeneric species on LHI, DNA 
sequence-based Bayesian analyses (Drummond & Rambaut 2007) were employed to generate 
phylogenetic trees for 32 of the 40 genera with more than one species on LHI. Phylogenetic 
reconstruction for the remaining eight genera was not possible because material for the LHI 
species was unavailable. For the 32 genera, I analysed 2,456 DNA sequences from 
GenBank/EBI and 294 new DNA sequences (Table S2.4 to S2.34). This sampling included 
518 species from the focal biogeographic regions (49% of the total for the 32 genera) and 545 
species from other regions; all LHI species (except Blechnum geniculatum) were represented 
(Table S2.3). 
 For seven genera data from both plastid (cpDNA) and nuclear (nrDNA) genomes were 
available (Coprosma, Geniostoma, Korthalsella, Melicope, Metrosideros, Peperomia, 
Rytidosperma). In these cases BEAST analyses were applied to each data set separately. No 
hard incongruences in the placement of LHI taxa were evident (Fig. S2.2), and the data sets 
were combined for the final analyses. In the final analyses 18 sister relationships between 
LHI taxa were identified in 14 genera (Fig. S2.1). Molecular dating indicates that four of 
these divergence events are likely to have occurred before the formation of LHI (in 
Adiantum, Ophioglossum, Cheilanthes and Pterostylis). In three genera the relationships 
between LHI species were not fully resolved (Doodia, Macropiper and Xylosma). I found 
evidence for one instance of hybrid speciation (Mallet 2007) among endemic species. In the 
genus Myrsine cloned DNA shows that M. mccomishii carries sequences derived from M. 
myrtillina and another species, potentially M. platystigma. The non-endemic species 
Calystegia affinis, a species found only on LHI and Norfolk Island, also possessed mixed 
nrDNA sequences similar to C. soldanella (native to both islands) and C. marginata. 
Species sampling within the focal regions for phylogenetic reconstruction ranged from 7-
100% (Table S2.3). Phylogenetic reconstructions in which LHI taxa are not recovered as 
sister species pairs (n = 17) are likely to represent a true picture of non-sister species 
relationships, regardless of their level of sampling. The median of the sampling for these 
phylogenetic trees was 60%. As a result, in phylogenetic trees containing less than 60% of 
the focal region species, the recognition of LHI taxa as sister species may be unreliable.  
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Figure 2.2 Origins of the Lord Howe Island flora. Half of colonisation events did not lead to 
speciation. When speciation did occur (i.e. among endemic species), 12 - 22% of the resulting species 
are the products of sympatric divergences. At least 3.7% of all native LHI species are derived from 
speciation with gene flow events - a subset of sympatric speciation events - equivalent to 10% of the 
endemic flora (not shown on chart). See Fig. S2.1 for phylogenetic trees. 
 
2.4.3 Contributions of speciation modes to the LHI flora 
Each native species on the island was assigned to one of six “speciation” groups; (i) 
sympatric speciation (Fig. 2.1A), (ii) allopatric speciation (Fig. 2.1C), (iii) colonisation 
without speciation (Fig. 2.1D), (iv) hybrid species, (v) equivocal cases (Fig. 2.1E-H) and (vi) 
unknown mode of divergence. The sympatric speciation results are reported in two categories 
of phylogenetic sampling (Fig. 2.2). I calculated that at least 4.5% of the flora (seven in situ 
cladogenetic speciation events; Table 2.2) may be the product of sympatric speciation, that is, 
with sampling of congeneric taxa from the focal regions ≥ 60% (Fig. 2.2). Second, I have 
evaluated that as many as 8.2% of LHI species (12 in situ speciation events; Table 2.2) could 
be the result of sympatric speciation, i.e. for any level of phylogenetic sampling. Colonisation 
followed by no speciation accounts for 55.4% of species on the island, while allopatric 
speciation has contributed to the evolution of 24.8% of the islands plant species (Fig. 2.2). 
Equivocal cases represented 4.5% of the flora (Fig. 2.2).  
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2.4.4 Gene flow and the geological history of LHI 
I explored the potential for geographic isolation to occur in angiosperms on LHI by 
reconstructing the spatial extent of LHI in the past. At its largest, when seal levels were 100m 
lower than they are now, LHI measured 690 km
2
 and Ball‟s pyramid 231 km2. During these 
periods of low sea level the maximum distance from one point on LHI to another on Ball‟s 
pyramid was 57 km and the minimum distance between LHI and Ball‟s pyramid was 4 km.  
At the maximum scale of LHI and Ball's pyramid in the past (i.e. maximum distance of 57 
km, see above) I found that the average FST (mean = 0.11, median = 0.07) for wind dispersed 
plants, falls well below the level considered necessary for neutral divergence (FST = 0.20) 
(FST = 0.20; Kisel & Barraclough 2010). For such plants, speciation within the island pair 
may reasonably be considered sympatric. For plants dispersed by other means, average FST is 
high enough at the same scale to support isolation by distance (FST, mean = 0.24, median = 
0.20), suggesting that speciation could have been facilitated by spatially restricted gene flow.  
 
Figure 2.3 Ecological divergence in Coprosma and Metrosideros. (A and B) Phylogenetic subtrees 
with endemic LHI species underlined (full trees shown in Fig. S2.1). Numbers above branches are the 
upper 95% confidence interval for the nodes ages. Numbers below branches are posterior 
probabilities. (C) Box plot depicting altitudinal distributions, showing the median (bold), inter-
quartile range (box), and 1.5 times the inter-quartile range (bars); circles represent outliers (C. 
lanceolaris n = 101, C. inopinata n = 33, C. huttoniana n = 46, C. sp.nov. n = 16, C. putida n = 159, 
M. nervulosa n = 99, M. sclerocarpa n = 78). Flowering periods for each species are given in 
brackets. 
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2.4.5 Genetic and ecological variation in Metrosideros and Coprosma on LHI 
To establish whether or not speciation with gene flow has occurred on LHI, the sympatric 
speciation events detected in two genera (Metrosideros and Coprosma) with well-sampled 
phylogenetic trees (100% and 80%, respectively) were investigated in more detail. A single 
sympatric speciation event was found in Metrosideros (Fig. 2.3B), while an in situ radiation 
with four speciation events was detected in Coprosma (Fig. 2.3A). Multiple accessions of 
each LHI species of Metrosideros and Coprosma were sequenced, confirming that not only 
are they distinct morphologically (Green 1994), but also genetically (Coyne & Orr‟s criterion 
4). Parsimony phylogenetic reconstructions of these samples are provided in the 
supplementary material to illustrate this (Fig. S2.2). Conventional cytological techniques 
were used to determine the chromosome numbers of endemic Metrosideros and Coprosma 
species (Table 2.2), indicating polyploidisation was not involved in these speciation events. 
Metrosideros sclerocarpa occurs predominantly in wet environments surrounding creeks, 
while M. nervulosa (Fig. 2.1B) grows at higher elevations on exposed ridges and in the cloud 
forest (mean altitudes for these species are significantly different, Welch‟s t-test, P < 0.0001; 
Fig. 2.3C). The flowering period for M. nervulosa (October - January) precedes that of M. 
sclerocarpa (December - February; Green 1994). In Coprosma, species distributions are 
staggered along an altitudinal gradient (one-way ANOVA, P < 0.0001; Fig. 2.3C). Field 
observations indicate that flowering periods in these Coprosma are largely non-overlapping; 
C. huttoniana flowers first (May - June), C. lanceolaris second (July - August) and then C. 
inopinata (September to October), with C. putida spanning its more distant relatives from 
August to November. Within each Metrosideros and Coprosma species, individuals at lower 
elevations flower slightly earlier in the season.  
2.4.6 Macro-evolutionary patterns in Metrosideros and Coprosma 
To determine if sympatric speciation events may have played a widespread role in the 
evolution of Metrosideros and Coprosma, the “age-range correlation” approach of 
Barraclough and Vogler (2000) was applied to the Metrosideros and Coprosma phylogenetic 
trees. In both genera the patterns recovered are consistent with occurrences of both sympatric 
and allopatric speciation at the geographic scale applied (Fig. S2.4).  
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2.5 DISCUSSION 
Based on the relatedness of endemic LHI species and the timing of their divergences, it is 
plausible that at least seven sympatric speciation events have taken place on the island. 
Accounting for 4.5% on the island‟s flora, these include four speciation events in the genus 
Coprosma, and one each in Metrosideros, Howea, and the fern genus Polystichum. Polyploid 
speciation was not evident in Metrosideros and Coprosma making them good candidates for 
speciation with gene flow, however polyploid speciation could not be ruled out in 
Polystichum. For Metrosideros and Coprosma more detailed phylogenetic and ecological 
data were collected, including evidence of shifts in elevational ranges and flowering times 
which may have played important roles in the divergences observed. Ecological divergence 
and phenological differences have been described previously in the speciation of Howea 
forsteriana and H. belmoreana (Savolainen et al. 2006a) and theoretical models support the 
potential for speciation with strong gene flow in this case (Gavrilets & Vose 2007). In 
addition to the seven well supported cases, a further five speciation events (two in 
angiosperms and three in ferns) may also have occurred recently on LHI. Limited 
phylogenetic sampling within the latter genera leaves the possibility that these LHI species 
may not be each other‟s closest relatives. However, their consideration provides an upper 
bound to the prevalence of sympatric speciation and speciation in the face of gene flow 
within the groups studied. If one is willing to accept that these events have occurred on LHI 
then it is evident that sympatric speciation has played a greater role in the evolution of the 
LHI flora than may have been expected from studies of other organisms (Coyne & Price 
2000; Losos & Schluter 2000; Phillimore et al. 2008). Nevertheless, other processes account 
for the larger proportion of the islands species leaving sympatric events in the minority. 
The identified speciation events represent beguiling cases for potential sympatric 
speciation and speciation with gene flow. However, a number of issues must be considered 
before accepting them as such. Hybridisation, within-island allopatric divergence, multiple 
colonisations and extinction all present potential problems when interpreting the data 
presented here.  
2.5.1 Detecting hybridisation 
A caveat of Coyne and Orr‟s criteria is that the phylogenetic pattern defining sister species 
pairs is genuine and not the result of hybridisation between distant relatives. The multiple 
nuclear sequences found in Myrsine mccomishii point to a role for hybrid speciation in the 
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evolution of Myrsine on LHI. This pattern was not observed in any other endemic species 
group. However, for the majority of genera either nuclear or plastid DNA regions were 
available, not both, and so it is not possible to rule out hybridisation or chloroplast capture 
(Coyne & Orr 2004). In those cases where data from both genomes were available, i.e. 
Coprosma, Geniostoma and Metrosideros, congruence between nuclear and plastid genomes 
suggests that post-colonisation hybridisation is unlikely to have generated these patterns, 
although I cannot completely eliminate this possibility. 
2.5.2 Geographic isolation within LHI 
Concerns have been raised that the LHI system does not rule out geographic isolation of 
populations within the island, as it may have been larger in the past (Stuessy 2006). Studies 
of the geology and bathymetry indicate that the volcanic areas of LHI currently above sea 
level were rapidly eroded into their current state within 1-2 Myr of the initial eruption and 
have since been buffered from significant wave erosion by the presence of coral reefs 
(Kennedy 2002; Brooke 2003; Woodroffe et al. 2006). These studies also indicate that 
neither LHI nor Ball‟s Pyramid have subsided, but changes in sea level during glacial periods 
would have increased the terrestrial extent of both to the limits of the sea mounts upon which 
they sit (Kennedy 2002; Brooke 2003; Woodroffe et al. 2006). It is questionable whether 
these size increases would have generated greater ecological diversity (Savolainen et al. 
2006b) or habitats suitable for many of the species discussed here because they are largely 
restricted to volcanic soils. 
Kisel and Barraclough (Kisel & Barraclough 2010) evaluated the scale at which two 
populations can diverge into separate species with limited opposing gene flow. Our analyses 
of their data indicate that species with wind-mediated seed or pollen dispersal are likely to 
have higher rates of gene flow over large distances than plants exploiting other modes of 
dispersal. This has important implications for speciation on LHI, as it is possible that 
populations of plants without wind dispersal may have diverged due to geographic isolation. 
Among our potential cases of sympatric speciation on LHI, the well sampled angiosperm 
groups possess some form of wind dispersal (pollen for Howea and Coprosma, and seed for 
Metrosideros). In these groups, geographic distance between individuals is unlikely to have 
restricted gene flow. The dispersal mechanism of several other taxa remains unknown, with 
the exception of Alyxia (insect-pollinated and bird-dispersed) and Geniostoma (bird-mediated 
seed and pollen dispersal). Therefore divergence with gene flow restricted by geographic 
distance between populations cannot be excluded in Alyxia and Geniostoma. 
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2.5.3 Multiple colonisations as an alternative to sympatric speciation 
Double colonisation, rather than in situ speciation, could potentially explain the existence of 
endemic sister species on LHI. Given enough genetic data it should be possible to distinguish 
the phylogenetic pattern generated by in situ speciation - i.e. ((LHI endemic A, LHI endemic 
B), source population C) from that arising from two independent colonisations from the same 
source population – i.e. (A (B, C). Unfortunately, this distinction may be disrupted by 
extinction of the source population, failure to sample the source population or post-
colonisation hybridisation. None of these can be conclusively ruled out. Nevertheless, there is 
some evidence that multiple colonisations by close relatives are unlikely, i.e. double 
colonisation by very close relatives is apparently infrequent among non-endemic species - 
only the highly vagile Paspalum species have diverged within the last 6.9 Myr. 
It is possible to assess whether multiple colonisation may have had a significant impact on 
our results. It is reasonable to assume that all non-endemic LHI species have been introduced 
via separate colonisation events. Each endemic species could have resulted from either a 
unique colonisation or an in situ divergence. For the two groups (endemic species versus non-
endemic species) I calculated the number of species that co-occur with at least one 
congeneric species on LHI. If we adopt a null hypothesis that in situ divergence has not taken 
place, we would expect the frequency of non-endemic congeneric species (FCON) to be 
similar to the frequency of endemic congeneric species (FCOE). If sympatric speciation has 
occurred FCOE should be higher than FCON because of the additive effects from multiple 
colonisations and in situ speciation events. I found that FCOE is significantly higher than 
FCON (two-way z-test, P < 0.01), 34.2% of the 152 non-endemic species are accompanied 
by a congeneric species. In contrast, out of 90 endemic species 56.7% have congeneric 
species present. I suggest that the higher FCOE is due to sympatric speciation events among 
endemic species. 
2.5.4 Extinction 
Extinction could have two possible consequences for our results. As mentioned previously 
the sister species of an LHI endemic may have existed elsewhere and subsequently gone 
extinct, resulting in the spurious detection of sister relationships and overestimation of the 
rate of sympatric speciation. The effect of this is probably limited because double 
colonisation of the island is unlikely. Secondly, species that evolved via sympatric speciation 
may have subsequently gone extinct, leaving an underestimate of this mode of speciation. 
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Unfortunately, without direct evidence (e.g. fossils) it is impossible to quantify these effects 
precisely. 
2.5.5 Speciation with gene flow in Coprosma and Metrosideros 
Polyploidisation is well documented in plants, and this may have acted as an isolating 
mechanism in the LHI taxa (Table 2.1; Mallet 2007; Rieseberg & Willis 2007). 
Polyploidisation has not been recorded in Metrosideros but has been confirmed in 12 
Coprosma species (Beuzenberg 1983), prior to this study. Here, I was able to exclude 
polyploid speciation in both genera on LHI (Table 2.1), suggesting that speciation in these 
groups has occurred despite high levels of gene flow. Polyploidisation has also been ruled out 
previously in the Howea palms (Savolainen et al. 2006a). 
Ecological and altitudinal separation of species is observed in Metrosideros and Coprosma 
(Table 2.2 and Fig. 2.3). The genus Coprosma possesses low rates of concerted evolution, 
leaving hybrid species with copies of nuclear genes from both parent species (Wichman et al. 
2002). A single accession identified morphologically as C. huttoniana growing at 600m (the 
lower limit of this species range) does possess both C. huttoniana and C. putida copies of 
nuclear ribosomal DNA, suggesting hybridisation between these species does occur in 
sympatric zones, but is unlikely to be responsible for the origin of C. huttoniana as a species.  
For Metrosideros and Coprosma, I mapped species distributions along transects 
throughout the island, and confirmed that species are found in close proximity. However, 
species within each genus display some habitat and phenological differentiation. The 
difference in ecology between these species has interesting parallels with the bog and 
mountain ecotypes found within the Hawaiian Metrosideros polymorpha complex (Wright & 
Ranker 2010). For Metrosideros and Coprosma the available data are consistent with a 
scenario of ecological speciation under which colonisation and local adaptation to new 
habitats leads to postzygotic reproductive isolation through reduced fitness of migrants and 
hybrids. Prezygotic isolation via altitudinal shifts in flowering time, either as a plastic or 
genetic adaptation, may precipitate population differentiation (Schluter 2000; Savolainen et 
al. 2006a; Babik et al. 2009; Devaux & Lande 2010). Although the populations are 
physically in parapatry along this gradient, unrestricted pollen and seed dispersal means that 
the frequency of encounters between the populations will be high, characteristic of sympatric 
speciation (Mallet et al. 2009). Ecological (Table 2.2) and phenological shifts are also found 
in Alyxia (A. lindii; November - February, A. squamulosa; October - January) and 
Geniostoma (G. huttonii; January - March, G. petiolosum; September - December). The 
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coincidence of ecological and phenological shifts is not uncommon in plants; an indication 
that the factors promoting sympatric speciation in plants on LHI may not be unique to this 
system, rather, they may be typical of any ecologically complex, isolated island. 
The “age-range correlation” data indicate that allopatry played a role when Coprosma and 
Metrosideros colonised numerous Pacific islands, and presumably speciated via anagenesis, 
while sympatric speciation has occurred within islands and continents. “Age-range 
correlation” methods have a number of inherent problems (Fitzpatrick & Turelli 2006) and as 
such the results of this analysis should be approached with caution. However, this analysis 
further indicates that sympatric speciation is likely to have been a feature of the evolution of 
Metrosideros and Coprosma beyond LHI. 
 
2.6 CONCLUSION 
After decades of debate as to whether speciation can occur in the absence of geographic 
isolation (Mayr 1963; Coyne 1992a; Bush 1994; Dieckmann & Doebeli 1999; Tregenza & 
Butlin 1999), this study shows that it may occur frequently in plants on LHI. The speciation 
events in Metrosideros and Coprosma provide compelling evidence for at least five new 
cases of speciation despite strong ongoing gene flow. The association between flowering time 
and altitude that is likely to have driven speciation in LHI‟s Metrosideros and Coprosma 
species may be widespread in other angiosperms and locations. For the other examples 
presented here (Table 2.2) more information is desirable. Nevertheless, I have set an upper 
bound for the frequency of sympatric speciation on LHI and a lower bound for the frequency 
of speciation with gene flow. Our results for plants are contrary to those found in insular 
animals (Coyne & Price 2000; Losos & Schluter 2000) suggesting that speciation in the face 
of strong gene flow may be a botanical speciality. 
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Chapter 3 Dispersal limitation and niche conservatism: 
insights from the biogeography of Lord Howe Island 
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3.1 ABSTRACT 
Biogeographic patterns in the South Pacific region have received a great deal of attention, but 
for many areas the biogeographic relationships remain unclear. This study focuses on Lord 
Howe Island (LHI) in the Tasman Sea to characterise its biogeographic relationships, to 
explore the role of different dispersal mechanisms in long-distance dispersal (LDD) and to 
test predictions made by the theory of island biogeography. Contemporary phylogenetic 
biogeography and classical phytogeographic approaches were integrated to study the LHI 
flora. The distributions of widespread species and phylogenetic relationships of endemic 
species were used to perform a species level-floristic analysis and estimate the contributions 
of source regions to LHI flora. This data was combined with ecological information for the 
LHI species in the form of dispersal mechanisms and elevational ranges to determine the 
roles of dispersal limitation and niche conservatism in the colonisation of LHI. Australia has 
been the main source of dispersal to LHI, followed by New Zealand, Norfolk Island and New 
Caledonia. Dispersal limitation is strongest in wind-dispersed plant species, while increasing 
distance for LHI has only a small effect on dispersal by epizoochory and hydrochory. Despite 
this, wind-dispersed species are more common on the island than species dispersed by other 
means. Endemic species occurring at higher elevations on LHI are more likely to have 
dispersed from the cooler climate of New Zealand than from Australia. As predicted by 
island biogeographic theory the number of species colonising LHI from a source region 
increases with proximity. The distributions of species on LHI are, in part, determined by the 
environmental conditions of the regions from which they dispersed, demonstrating a role for 
niche conservatism in the dispersal process. The frequency of successful colonisation events 
via different dispersal mechanisms is determined by a combination of proximity to LHI, the 
size of the source region and similarity in environment between the source and target region. 
Speciation of immigrant species is aided by isolation from the source region, however, the 
number of immigrants from a particular region that can establish and speciate is dependent on 
dispersal limitation and niche conservatism. 
 
3.2 INTRODUCTION 
The biological composition of islands is determined by a combination of dispersal, speciation 
and extinction (MacArthur & Wilson 1963, 1967; Johnson et al. 2000; Chen & He 2009). 
Isolated volcanic islands that have never been connected to other landmasses by land bridges 
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are ideal locations to study long-distance dispersal (Carlquist 1974, 1981; Cowie & Holland 
2006). The biological assemblages found on such islands are, themselves, evidence that long-
distance dispersal has taken place. Investigations of the biogeographic patterns contained 
within these “living archive[s] of dispersal events” (Carlquist 1981) have been instrumental 
to major advances in theories of ecology and evolution (Darwin 1859; Mayr 1954; 
MacArthur & Wilson 1967). The intuitive significance of LDD for island colonisation 
(Carlquist 1974; Porter 1976; Carlquist 1981; Pole 1994) conflicts with the view that 
vicariance events are the dominant mechanism through which species/generic distributions 
are determined (Nelson & Platnick 1981). Recent advances in molecular techniques have 
begun to transform scientific opinion regarding the importance of long-distance dispersal in 
shaping current biodiversity patterns (de Queiroz 2005); LDD is no longer considered the 
exclusive realm of dispersal to islands (Fiz-Palacios et al. 2010; Michalak et al. 2010; Renner 
et al. 2010; Bartish et al. 2011). Individual LDD events may be rare, but over millions of 
years large numbers of events can accumulate. As a result LDD can have a notable impact on 
the composition of ecological communities over evolutionary time scales (Nathan 2006).  
In sessile organisms, such as plants, LDD is a mostly passive process that requires biotic 
or abiotic vectors to disseminate diaspores (e.g. seeds) away from the parent (Nathan et al. 
2003; Nathan 2006; Nathan et al. 2008). LDD of plant seeds is most likely to occur through 
dispersal by aerial flotation (wind), oceanic currents and attachment to or ingestion by birds 
and bats. To aid this process diaspores commonly, although not always, possess adaptations 
to take advantage of specific vectors. For example, water dispersed seeds often possess air 
cavities to promote buoyancy and hard, waxy seed cases to improve salt tolerance (Howe & 
Smallwood 1982; de Queiroz 2005; Nathan et al. 2008; Thorsen et al. 2009). Observations 
have shown that the ability of different vectors to transport seed over long distances varies. 
As a result dispersal limitation is expected to increase more quickly with distance in wind-
dispersed species than in water dispersed species, for example (Nathan et al. 2008). As a 
consequence, the contributions of each dispersal syndrome to the composition of an island 
flora is likely to vary (Carlquist 1967). However, the dominant mode of seed dispersal 
adopted by a species may not reflect the mechanism by which a specific chance LDD event 
occurs (Higgins et al. 2003). In addition, island floras are not simply the sum of the species 
that have arrived through LDD events. Species that arrive at a new island will only become 
established if the ecological and environmental conditions are appropriate (Wiens & 
Donoghue 2004; Crisp et al. 2009). In depauperate floras, often found on islands, new 
arrivals may persist through adaptation and potentially speciation in the new environment 
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(Ward & Thornton 2000). Current biogeographic patterns on islands are a source of 
information regarding these realised dispersal events, rather than a record of every LDD 
event that may or may not lead to colonisation (Sorensen 1986). Nevertheless, they support 
the significant impact of LDD on patterns of diversity and hold great potential for the 
examination of macro-ecological phenomena (Wiens & Donoghue 2004; de Queiroz 2005). 
Many studies have used biogeographic distributions to infer the potential source regions of 
the flora or fauna of particular islands and the degree of connectivity between regions. One 
popular approach has been to record the presence or absence of plant genera (or families) in 
the regions of interest and, in some cases, to calculate summary statistics (e.g. Jaccard‟s, 
Dice‟s or Simpson‟s coefficients) for comparison of the similarity of the regional floras (van 
Balgooy 1971). These types of floristic analyses have been applied widely, particularly in the 
Pacific where the source of island floras remains contentious (Skottsberg 1956; van Balgooy 
1971; Porter 1976; van Steenis 1979; Morat et al. 1986), but also to study trans-Atlantic 
patterns (Qian 2001; Renner 2004). These type of analyses have been superseded by the field 
of historical biogeography, which involves the study of biogeographic patterns in the context 
of phylogenetic information, allowing investigation of the timing of events and more accurate 
reconstructions of dispersal events (Wiens & Donoghue 2004; de Queiroz 2005; Fiz-Palacios 
et al. 2010; Michalak et al. 2010; Renner et al. 2010; Bartish et al. 2011). A largely ignored 
source of biogeographic data is found in the distributions of native species that are not 
endemic to a single region. In theory, species level analyses are superior to generic level 
analyses; if a single genus is present in three regions the inherent assumption is that dispersal 
may have occurred freely between all regions. In this scenario, two of the regions may not 
have directly exchanged any species at all, leading to spurious conclusions about dispersal. In 
practice, this is a problem for any biogeographic analysis, but the effects can be minimised by 
using species level distribution data or phylogenetic information. When focusing on dispersal 
to a single region, the information regarding the potential source regions using species level 
data is essentially the same as that provided by a species-level phylogenetic reconstruction. In 
the context of an isolated island, the two approaches can be combined to explore the 
relationship between patterns of LDD and patterns of endemism. The species level floristic 
approach will be applied here to determine the contribution of source regions and factors 
promoting LDD in non-endemic species, while the phylogeny based approach will be used 
for the same purpose among endemic species.  
The theory of island biogeography predicts that the number of immigrants from a source 
will decrease with increasing distance (MacArthur & Wilson 1963, 1967), and recent models  
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incorporating speciation have predicted that increasing island isolation leads to increased 
rates of in situ speciation (Johnson et al. 2000; Chen & He 2009). This study will investigate 
whether these predictions hold true for the patterns of dispersal and endemism in plants that 
have colonised Lord Howe Island. Furthermore, the roles of different dispersal mechanisms 
in colonisation of LHI and the effect of dispersal limitation and niche conservatism in this 
process will be investigated.  
 
3.3 MATERIALS AND METHODS  
3.3.1 Study system 
Lord Howe Island is an ideal location to investigate the factors that determine dispersal over 
long distances and how dispersal and speciation have interacted to shape the ecosystem of the 
island. This small ( < 16km
2
) sub-tropical island is 600km from the nearest continental 
landmass (Australia). Located in the Tasman Sea, it is surrounded by several unique 
phytogeographic regions of varying size and proximity to LHI (e.g. New Zealand, New 
Caledonia and Norfolk Island). The island is the eroded remains of a large shield volcano 
which first became active 6.9 million years ago and rapidly became dormant (McDougall et 
al. 1981). Currently, the landscape is highly heterogeneous; in the south two heavily eroded 
mountains, Mt. Lidgbird (777m) and Mt. Gower (875m), dominate the skyline with numerous 
cliffs and creeks intersecting the area to produce a patchwork of different habitats 
(McDougall et al. 1981; Pickard 1983; Savolainen et al. 2006a). In total 242 native plants 
have been recorded on the island, 90 of which are endemic (Chapter 2; Green 1994). The 
floras of LHI and the surrounding regions are well known and have been thoroughly 
documented, so distribution information is available for most non-endemic species. A 
number of recent phylogenetic studies of biogeography (e.g. Mitchell & Heenan 2002; 
Keppel et al. 2009; Wagstaff et al. 2010) and speciation (Chapter 2;Savolainen et al. 2006a) 
in the Pacific have included endemic LHI taxa providing a large body of biogeographic data 
for the endemic species.  
3.3.2 Data collection 
To examine dispersal of plants to LHI from potential source regions, four data sets were 
constructed based on the presence or absence of vascular plant taxa in 24 phytogeographical 
regions. Regions were defined as described by van Balgooy (1971) with modifications to  
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Figure 3.1 Diagram depicting the biogeographic regions applied by this study. Each region is 
identified by a number and the extent of each region is highlighted by different colours. 1, Africa; 2, 
Eurasia; 3, East Asia; 4, South-east Asia; 5, Malesia; 6, the Philippines; 7, New Guinea; 8, Australia; 
9, Antarctica; 10, North America; 11, South America; 12, Norflolk Island; 13, New Zealand; 14, the 
Kermadec Islands; 15, New Caledonia; 16, Fiji; 17, Samoa; 18, Tonga; 19, the Solomon Islands; 20, 
the Loyalty Islands; 21, the New Hebrides; 22, the North-west Pacific; 23, the Central Pacific; 24, 
Hawaii. Descriptions of each region are provided in the Appendix II. Table S2.1. 
make them suitable for investigation of the biogeography of LHI and to complement the 
distribution data available (Fig. 3.1; Table S2.1). The first data set (genus level distributions, 
GLD) comprised presence / absence records of the native LHI genera in the other 
biogeographic regions. These genus level distributions were primarily transcribed from van 
Balgooy (1971) with updated information from various sources, including monographs and 
flora series for Australia, New Zealand (Moore & Edgar 1970; Allan 1982; Edgar & Connor 
2000), New Caledonia and the Kermadec Islands (Sykes & Campbell 1977). The second data 
set (non-endemic species level distributions, NSD) was derived from presence / absence 
records for non-endemic native LHI species in the 24 regions (Chapter 2; Table S2.1 and 
S2.2). These species level distributions are more informative about direct dispersal of species 
between LHI and other regions than genus level distributions as the distributions of 
individual species are normally more restricted than that of its genus (see above for data 
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sources). The third data set (endemic species level distributions, ESD; Table S3.1) was 
constructed using phylogenetic information describing the closest relatives of endemic LHI 
plant species. Phylogenies containing endemic LHI species were collected from Chapter 2 
and published studies in which relationships of LHI species were well supported (> 75% 
bootstrap, > 0.75 posterior probability; Table S3.2). A number of methods exist for 
reconstructing ancestral ranges of species / clades (Heads 2010); here, the potential source 
regions for endemic species were determined from the current distribution of the taxon‟s 
sister species/clade plus that of the next nearest relatives (Fig. 3.2). This information was 
used to create a presence/abscence matrix in which endemic species were coded as present in 
the potential source regions (the ESD data set). This is a conservative method as it considers 
all the possible source regions for the node of interest (i.e. the stem lineage of LHI endemics 
and their sister species), rather than assigning a specific region based on the assumptions 
inherent in parsimony or maximum likelihood reconstructions. The NSD and ESD data sets 
were combined to produce the fourth data set (combined species level distributions, CSD). 
 
Figure 3.2 Examples of the method used to determine potential source regions for endemic LHI 
species. Potential source regions were assigned according to the distributions of the sister group of the 
LHI species (red) and the next nearest relatives, i.e. the reconstructed distribution at the node 
connecting these species (black arrows). 
The elevational range of each species on LHI was recorded as its presence or absence in 
nine elevational classes (0 - 100 meters, 100 – 200 m, 200 – 300 m, ... 800 – 875 m). 
Elevational ranges were determined from published information (Pickard 1983; Green 1994; 
Department of Environment and Climate Change NSW 2007) and observations by Ian Hutton 
and myself (Table S3.3). Elevational range data was unavailable for 67 species (12 endemic 
species, 55 non-endemic species) due to a lack of published information and limited 
observations. Seed dispersal syndromes of plants on LHI were identified from published 
sources (Table S3.3). Where possible the dispersal syndrome was determined at the species 
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level; otherwise the dispersal mechanism of a con-generic species was assigned. Each species 
was evaluated for evidence of dispersal by: wind (anemochory), water (hydrochory) and birds 
either internally (endozoochory) or externally (epizoochory). Ballistic dispersal and dispersal 
by gravity (barochory) or ants (myrmecochory) were not included as these are unlikely to be 
relevant to LDD (Nathan 2006). Information regarding seed dispersal syndrome was 
unavailable for 3 species. Biogeographical regions were defined in ArcGis V9.2 (Fig. 3.1), 
according to the same definitions as described in Chapter 2 (Table S2.1). The minimum and 
maximum distance to LHI from each region, the minimum and maximum latitudinal 
difference of each region from LHI, the bearing of LHI from the centroid of each region and 
the land area of each region were extracted to use in the GLIM analyses (Table S3.4). 
3.3.3 Data analysis 
For each of the four data sets, three indices reflecting probability of dispersal to LHI from 
each region were calculated. The most simple of these was the number of shared taxa 
between each region and LHI (ci). The second index calculated was the weighted number of 
shared taxa for each region (wi, Equation 1). 
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where NS is the number of species/genera included, NR is the number of source regions and 
oi,j is the presence (1) or absence (0) of species/genus  j in region i.  
For each species the presence in a region is converted to a probability that the species 
dispersed from that region by dividing one by the number of regions that the species occurs 
in. For instance, when a species occurs in four regions, each of those regions is assigned a 
value of 0.25 for that species. These values for all included species are then summed for each 
region to produce the regional wi. For calculation of this index species present in more than 
10 regions were considered as uninformative and excluded. The final index (pi, Equation 2) is 
simply the wi of a region standardised by the number of taxa included and can be interpreted 
as the probability that each region (i) is the source of a single species selected at random from 
the LHI species pool. To assess variation in the probability of dispersal from a region 
dependent on the different dispersal mechanisms, or elevation occupied by the species, these 
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indices were also calculated for each dispersal syndrome and elevational class within the 
NSD, ESD and CSD data sets. 
Table 3.1 Frequency (n) of plants utilising different dispersal mechanisms and occurring at different 
elevations on LHI. The proportion of each species type (all/non-endemic/endemic) adopting each 
dispersal mechanism or that occur at each elevation is given as a percentage (%). 
LDD 
Mechanism 
All species 
(n) 
All species 
(%) 
Non-endemic 
(n) 
Non-endemic 
(%) 
Endemic 
(n) 
Endemic 
(%) 
All mechanisms 239 100 151 100 88 100 
Anemochory 106 44 64 42 42 48 
Hydrochory 36 15 29 19 7 8 
Endozoochory 79 33 45 30 34 39 
Epizoochory 39 16 30 20 9 10 
Elevational class 
All species 
(n) 
All species 
(%) 
Non-endemic 
(n) 
Non-endemic 
(%) 
Endemic 
(n) 
Endemic 
(%) 
All elevations 175 100 97 100 78 100 
0-100 m 122 70 84 87 38 49 
100-200 m 98 56 56 58 42 54 
200-300 m 91 52 45 46 46 59 
300-400 m 88 50 38 39 50 64 
400-500 m 84 48 33 34 51 65 
500-600 m 72 41 28 29 44 56 
600-700 m 61 35 17 18 44 56 
700-800 m 63 36 16 16 47 60 
800-900 m 63 36 17 18 46 59 
To evaluate factors affecting dispersal and assess dispersal limitation for different 
dispersal syndromes, generalised linear modelling (GLM) was applied using the regional 
values of wi from the CSD data set as the response variable and the geographic data extracted 
from ArcGIS as predictor variables. GLM data analyses were performed using the glm 
function in R (R Development Core Team 2009) and the simplest explanatory model was 
chosen using the step function based on the Aikake Information Criterion (AIC). The model 
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chosen was then applied to wi values from the CSD data set calculated separately for each 
dispersal syndrome. Antarctica was excluded from this analysis. 
 
3.4 RESULTS 
On LHI, plant species from 179 genera are native to the island. The GLD data set was 
composed of distributions for 174 genera that occur on LHI (5 endemic genera); only 60 of 
these genera are distributed in fewer than 10 regions. Of the 90 endemic species, 
phylogenetic information was collected for 40 species, dispersal syndrome data was available 
for 88 species and elevational distributions were recorded for 78 species. Distributions in the 
24 regions were collected for all 152 non-endemic species; 29 occur in more than 10 regions. 
Dispersal mechanisms were determined for 151 (Table S3.1) and elevational ranges were 
recorded for 97 non-endemic species. Anemochory is the most common syndrome found 
among the LHI plants, closely followed by endozoochory (Table 3.1). The less common 
dispersal mechanisms of hydrochory and epizoochory are reasonably frequent in non-
endemic species, but are relatively rare in endemic species. 
 Figure 3.3 Elevational trends in species 
richness and endemism on LHI. (a) Species 
richness in different elevational classes for the 
whole LHI flora (circles), non-endemic species 
(triangles) and endemic species (squares). (b) 
The proportion of non-endemic species (white 
bars) and endemic species (black bars) found at 
different elevations. Species richness decreases 
with altitude, while endemism increases. 
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Species richness decreases with increasing elevation, as might be expected from the 
reduction in available space at higher altitudes. However, this pattern is not consistent 
between endemic and non-endemic species. The species richness of non-endemic species for 
which data was available is high at low elevation and drops sharply with increasing elevation 
(Fig. 3.3a). On the other hand, species richness of endemic species remains fairly constant 
with increasing altitude. Consequently, the number of endemic species exceeds the number of 
non-endemic species above 300 meters. When the ratio of endemics to non-endemics in each 
elevational class is standardised by the total number of species present at that elevation, a 
clear trend of increasing levels of endemism at higher altitudes is evident (Fig. 3.3b). 
 
Figure 3.4 Source probabilities (pi) for each region calculated from generic level (GLD dataset; white 
bars) and species level (CSD data set, black bars) distribution data. Australia, New Zealand, Norfolk 
Island and New Caledonia have made the greatest contributions to the flora of LHI. 
The number of genera in common (ci ) between LHI and other regions is a poor predictor 
of the number of non-endemic taxa in common (linear regression, P = 0.00002, R
2
 = 0.549) 
and a very poor predictor of the possible source regions of endemic taxa (P = 0.00007, R
2
 = 
0.282). Restricting the calculation of ci to taxa that occur in fewer than 10 regions improves 
the correlations (P < 0.00001, R
2
 = 0.711 and P < 0.00001, R
2
 = 0.775, respectively), but it is 
clear that this simple estimate of potential dispersal to LHI based on the GLD data set is 
unlikely to reflect actual events. Values of pi calculated for the GLD, NSD, ESD and CSD 
data sets confirm that Australia (pi between 0.18 and 0.38), New Zealand (pi =between 0.13 
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and 0.24), Norfolk Island (pi between 0.05 and 0.14) and New Caledonia (pi between 0.07 
and 0.13) have contributed the most to the flora of LHI in decreasing order (Fig. 3.4). 
However, there are several discrepancies between the estimates, particularly between GLD 
data set and the other data sets; estimation of pi is consistently lower for the GLD data than 
for the CSD data for the dominant source regions, particularly in the case of Australia and 
Norfolk Island. Estimates of pi for Old World regions from the GLD data are considerably 
higher than for the CSD data and are probably a reflection of dispersal of genera between 
these regions and Australia, rather than to LHI. 
 
Figure 3.5 Source probabilities for Australia (blue), New Zealand (red), New Caledonia (yellow), 
Norfolk Island (green) and the Kermadec Islands (purple) at different elevations on LHI in non-
endemic (a) and endemic (b) species. 
Elevational trends are manifest in the pi values for Australia, New Zealand, Norfolk Island 
and New Caledonia (Fig. 3.5). Among non-endemic species (NSD; Fig. 3.5a) at any elevation 
there is a higher probability of finding taxa dispersed from Australia rather than from other 
regions. Species dispersing from New Zealand form only a small part of the flora at low 
elevation, but increase in frequency above 500 meters. Conversely, species from Norfolk 
Island are unlikely to occur on the mountain summits. Similar trends are evident among the 
endemic species of LHI (ESD; Fig. 3.5b). However, there are some important differences; the 
probability of finding endemic species that have dispersed form New Zealand gradually 
increases with altitude, while above 600 meters pi for Australia falls. As a result, between 600 
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and 800 meters the probability that an endemic species that has dispersed from New Zealand 
is higher than the probability that it dispersed from Australia. pi for New Caledonia is 
fractionally higher at low elevations but is reasonably constant at different altitudes. The 
probability that endemic species have dispersed form Norfolk Island or the Kermadec Islands 
is low at all altitudes. 
Generalised linear modelling was applied to the investigation of the geographic factors 
affecting dispersal to LHI (wi for the complete CSD data set). The full model including all of 
the hypothesised predictor variables explained 35.5% of the deviance and returned an AIC 
value of 189.82. Stepwise model selection revealed that the model incorporating the 
minimum geographic distance to LHI and the area of the region was the most appropriate 
(AIC = 186.93, 26.2% of the deviance); this model was applied to the wi values calculated for 
each dispersal syndrome using the CSD data. Regression coefficients for the minimum 
distance to LHI for each dispersal syndrome were used to illustrate the relationship between 
the probability of dispersal (i.e. the probability of a high wi value) and geographic distance to 
LHI, controlling for the effects of region area (Fig. 3.6). The probability of a high wi value 
decreases with increasing distance to the source region. This analysis demonstrates that 
dispersal limitation due to geographic distance is affected by the type of dispersal syndrome 
of the plant species. Dispersal limitation is weakest in species exhibiting hydrochory 
followed by epizoochory, endozoochory and finally anemochory.  
 
 Figure 3.6 Dispersal limitation for various mechanisms of LDD. GLM analyses show that the 
probability of a high value of wi (the weighted number of common taxa between LHI and each region) 
decreases with increasing distance. Water dispersal (hydrochory) is the least affected by increasing 
distance, followed by external (epizoochory) and internal (endozoochory) bird dispersal and finally 
wind dispersal (anemochory). 
64 
 
3.5 DISCUSSION 
The flora of Lord Howe Island forms a complex ecosystem that has been shaped by different 
levels of colonisation from various regions, frequent speciation (approximately 13 new 
species per million years) and extinction (e.g. the endemic species Solanum bauerianum). 
Island biogeographic theory suggests that the isolation of LHI is a fundamental factor in 
determining how these processes interact to give rise to the flora of the island (MacArthur & 
Wilson 1963, 1967; Johnson et al. 2000; Chen & He 2009). As predicted, the closest regions 
have had the greatest contribution to the islands flora (Australia > New Zealand > Norfolk 
Island ≈ New Caledonia, Fig. 3.4). Furthermore, the GLM analysis showed that proximity to 
source regions increases the probability of colonisation. However, this relationship is also 
dependent on the area of the source region and the environmental similarity between the 
source and the target region (Fig. 3.5). New Zealand is several orders of magnitude larger 
than Norfolk Island and this may be responsible for its greater contribution to the LHI flora. 
Although New Caledonia is a similar distance from LHI as New Zealand, its smaller size and 
greater difference in latitude have led to similar levels of dispersal to LHI as the diminutive 
Norfolk Island. The large contribution of Australia to LHI‟s flora is the result of a number of 
factors - primarily its proximity and large species pool, but also the similarity in climate and 
the occurrence of west wind drift (Sanmartín et al. 2007). 
The floristic analyses applied here provide more detailed information than can be derived 
from generic level distributions, but they assume that LHI has been a sink for species rather 
than a source. Speciation on LHI and dispersal to New Zealand by west wind drift, for 
example, could, in part, explain the patterns observed (Sanmartín et al. 2007). Despite this, 
the presence of an individual species in two regions is an indication of connectivity between 
them and the biogeographic patterns revealed by applying this principle here are plausible. 
Weighting the influence of each species on the summary statistics (wi and pi) by the number 
of regions in which they occur is intuitively an improvement to the floristic method. We can 
be reasonably confident that a species occurring only on LHI and Australia has dispersed 
form Australia to LHI, but less confident that this is true for a species that occurs on LHI, 
Australia and New Zealand. However, the accuracy of this approach in estimating the actual 
contribution of dispersal from other regions to LHI needs to be tested by simulation. 
A surprising outcome of this investigation was the dominance of wind dispersal among the 
LHI flora (44% of species). Wind dispersal has often been dismissed as the major mode of 
LDD to islands (Sorensen 1986) and this has generally been borne out by empirical studies of 
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other isolated islands and archipelagos. For example, on two islands sterilised by volcanic 
eruptions, plants dispersed by wind comprised only 22% of the flora on Anak Krakatau 
(44km to nearest continent) and 20% of the flora of Tuluman island (300 km; Harrison et al. 
2001). Conversely, water dispersal has been much more common in these systems than for 
LHI (59% Krakatau and 39% Tuluman). Carlquist (1967) collated dispersal mode 
information for 17 Pacific islands, concluding that wind dispersal accounted for less than 
18% of plants on all islands and less than 10% on 12 islands. His assessment shows that 
dispersal by birds (usually internally) was dominant on most islands, surpassed by water 
dispersal for four islands. 
Dispersal limitation (i.e. the restriction of dispersal due the geographic distance between 
the source and target location) is evident for each of the LDD mechanisms included. As 
expected. the probability of dispersal to LHI decreases with distance most sharply in wind-
dispersed species, for which oceanic barriers are most likely to prohibit colonisation 
(Carlquist 1967, 1974; Nathan et al. 2008). Dispersal limitation by both forms of bird 
dispersal is weaker, probably because migration by birds allows seed to be transported 
directly to the island, whereas wind dispersal is a more stochastic process (Sorensen 1986). 
Endozoochory is more limited by distance than epizoochory because the time that birds can 
retain seed in their guts is restricted in comparison to the time seed can remain attached to 
feathers or mud on their feet (Carlquist 1967; Nathan et al. 2008). The effect of dispersal 
limitation is weakest in water dispersed plants, as seeds adapted for this form of dispersal can 
remain viable and drift in ocean currents for very long periods (Nathan et al. 2008).  
Although these patterns make biological sense, they do not explain the much higher 
frequency of wind dispersal than is expected from observation on other Pacific islands. There 
are three possible reasons for this disparity; first, the proximity of LHI to the continental 
landmass of Australia, the source region with the largest influence on the composition of the 
LHI flora, means that wind dispersal from this region is less restricted than for more isolated 
islands, such as the Hawaiian archipelago and the islands of the central Pacific. Additionally, 
west wind drift may have further reduced the effect of dispersal limitation in wind-dispersed 
species arriving from Australia. Second, the age of the island may be a factor; lower 
frequency of wind-dispersed species and higher frequency of water dispersed species on the 
recently sterilised islands of Karatau and Tuluman may be the result of a successional 
process. In these depauperate floras, plants that are not optimally adapted to the islands 
conditions may establish due to the lack of competition. The number of plants on the island 
would then simply reflect the frequency of LDD by water. Over the 6.9 million years of 
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LHI‟s existence poorly-adapted water-dispersed species may have been excluded by species 
pre-adapted to the islands conditions arriving via other LDD mechanisms. Despite wind 
dispersal being less probable over large distances, ecological interactions may have allowed 
the accumulation of wind-dispersed species, masking the actual frequency of the different 
dispersal mechanisms (Sorensen 1986). On LHI the majority of water-dispersed species are 
restricted to coastal areas. Finally, the dispersal mechanisms recorded for each species may 
not reflect the actual mechanism by which they arrived on the island (Higgins et al. 2003). As 
the events themselves cannot be observed directly, the assignment of LDD dispersal 
syndromes to individual species may be erroneous producing a potential source of error in the 
quantification of dispersal mechanisms (Sorensen 1986; Higgins et al. 2003). It is not 
possible to exclude this as an explanation, however, the patterns observed make sense in a 
biological context so there is reason to accept them as genuine effects. Overall the high 
number of anemochorous species observed is likely to be a function of all three of these 
explanations. 
Species richness declines with increasing altitude on LHI (Fig 3.3a), probably as a 
consequence of the species area relationship (MacArthur & Wilson 1967; Rosenzweig 1995). 
Endemism, on the other hand, is proportionally more prevalent at higher elevations (Fig 
3.3b). I analysed the contribution of different regions (pi) to the endemic and non-endemic 
composition of the LHI flora in nine elevational classes to investigate the processes behind 
these biodiversity patterns. Due to the proximity of LHI to Australia, any non-endemic 
species sampled (at any altitude on the island) is most likely to have dispersed from Australia. 
Frequent dispersal events and the similarity of the environments in LHI and mainland 
Australia permit establishment to follow many LDD events. Patterns of colonisation from 
other regions at different elevations suggest that niche conservatism has played an important 
a part in shaping the composition of the LHI flora (Wiens & Donoghue 2004; Crisp et al. 
2009). The probability of finding species from New Zealand above 600 meters is twice that 
below 500 meters. Temperature is an important determinant of plant distributions (Woodward 
& Williams 1987); the mean annual temperature on LHI is 19.1⁰C and the mountain tops are 
estimated to be between 6⁰C and 8⁰C cooler than lower lying areas (Pickard 1983). In New 
Zealand mean annual temperatures range from 10⁰C in the south to 16⁰C in the north 
(Leathwick & Stephens 1998). A natural conclusion that can be drawn from this is that plants 
adapted to the cooler climes of New Zealand are pre-adapted to the lower temperatures found 
on the LHI mountains. Similarly, the maximum elevation of Norfolk Island is 319 meters and 
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the probability of finding species from Norfolk Island above 700 meters on LHI drops 
sharply. New Caledonia is located at lower latitude than LHI and therefore is subject to a 
warmer climate (Wiens & Donoghue 2004). On LHI, species that have dispersed from New 
Caledonia are most likely to be found at lower (below 400m), warmer elevations. However, 
there is a notable rise in the pi for New Caledonia at the highest elevations on LHI; this may 
be the result of colonisation of LHI by species occurring at high elevations on New 
Caledonia. 
Speciation (and as a consequence endemism) is predicted to increase with increasing 
distance to the source region (MacArthur & Wilson 1963, 1967; Johnson et al. 2000; Chen & 
He 2009); the data presented here provide mixed support for this expectation. For Australia, 
the pi for endemic species (37.9) is similar to that of non-endemic species (38.2) and higher 
than for any other region, which indicates no effect of distance on endemism. The greater 
distance to New Zealand and New Caledonia has led to an increase in pi for endemic species; 
the difference in pi between endemic and non-endemic groups is 9.0 for New Zealand and 3.0 
for New Caledonia, indicating a role of isolation in promoting speciation. This pattern is 
reversed for Norfolk Island and the Kermadec islands. It is important to note that for 
speciation to occur, a suitable niche must be available on the island and the colonising plant 
must have the evolutionary/adaptive potential to exploit this niche and speciate (Johnson et 
al. 2000; Chen & He 2009). The higher frequency of dispersal events from Australia and the 
similarity of its environment with LHI may simply mean that there is a greater flow of plants 
capable of speciating on LHI from Australia than from the other regions. Although it is the 
closest location, Australia is still a considerable distance from LHI. Colonising plants may be 
sufficiently isolated for high levels of speciation to occur because repeated immigration by a 
single species is infrequent. The species pools of the smaller source regions (Norfolk Island 
and the Kermadec islands) are likely to be too restricted to supply a group of immigrant 
species that are ecologically and functionally diverse enough for speciation to occur. 
Analyses of regional pi values for the elevational classes demonstrate the importance of 
ecological similarity between the source and target region in allowing speciation to take 
place. As noted from non-endemic species, New Zealand has a substantially greater influence 
at higher elevations due to niche conservatism, and the same pattern is observed in endemic 
species (Fig 3.5b). This is a good indication that as ecological similarity increases, so too 
does the frequency of colonisation, establishment and speciation. Although species are less 
likely to colonise from New Zealand than from Australia at any elevation, the greater 
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isolation of LHI from New Zealand has allowed speciation of New Zealand species to exceed 
that of Australian species at high elevations.  
3.6 CONCLUSIONS 
The present study investigated the biogeographic patterns and potential source regions of the 
LHI flora using ecological, floristic and phylogenetic data. These data were subjected to 
statistical analysis to determine which factors have promoted colonisation of the island and 
explore the effect of different seed dispersal mechanisms in this process. Comparison of 
patterns of endemism and their relationship with colonisation reveal that both dispersal from 
source regions and speciation are limited by niche conservatism and geographic isolation. In 
general, these results support predictions made regarding the efficacy of different dispersal 
mechanisms for LDD, but also show that wind dispersal can have a surprisingly strong 
influence on the biological composition of island floras if the conditions are suitable. These 
data confirm that species richness is promoted by proximity to source regions, a fundamental 
tenet of the theory of island biogeography (MacArthur & Wilson 1963, 1967; Johnson et al. 
2000; Chen & He 2009). There is also evidence that isolation does promote speciation, as 
proposed by recent expansions of island biogeography theory (Johnson et al. 2000; Chen & 
He 2009). However the actual patterns of endemism observed will be strongly influenced by 
rates of dispersal, establishment and the evolutionary potential of immigrant species. 
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Chapter 4 Speciation with gene flow on Lord Howe Island: 
ecological and genetic divergence in Metrosideros 
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4.1 ABSTRACT 
Speciation of two endemic species on Lord Howe Island, Metrosideros nervulosa and M. 
sclerocarpa is thought to have occurred despite high levels of ongoing gene exchange 
between the species. In this study, ecological and molecular genetic (AFLP) data are analysed 
to provide a broader understanding of this speciation event. Species distribution modelling 
and principal components analysis show that the two species are strongly divergent along an 
environmental cline and that parapatry of the species is likely to be maintained by competitive 
interactions. Genetic analyses indicate that M. sclerocarpa is nested within M. nervulosa and 
its divergence into lowland habitats has been accompanied by massive reduction in genetic 
diversity. Outlier analyses demonstrate that divergent selection has played a role in speciation 
and that the genomic regions under selection are involved in niche segregation. Complex 
effects of selection on the genomic architecture of the species lie beneath this speciation 
event, with levels of genetic differentiation (FST) varying continuously across their genomes. 
There is no evidence of current gene flow between the species, indicating that habitat 
isolation, with some assistance from temporal and geographic isolation, has been sufficiently 
strong to allow completion of speciation with gene flow in this case. 
 
4.2 INTRODUCTION 
Speciation on Lord Howe Island (LHI) has given rise to a large number of endemic species 
(Green 1994) and recent studies have demonstrated that a considerable proportion of these  
have resulted from sympatric speciation events (Chapter 2; Savolainen et al. 2006a). In two 
genera, Metrosideros and Coprosma, divergence on the island did not involve 
polyploidisation and is therefore believed to have taken place with high levels of ongoing 
gene flow between the emerging species (Chapter 2). Even though laboratory experiments 
(Rice & Hostert 1993; Dettman et al. 2007), mathematical models (Gavrilets 2003) and 
studies of divergent ecotypes and host races (Nosil 2007; Butlin et al. 2008b) have furthered 
our understanding of divergence with gene flow substantially, convincing instances of 
completed speciation with gene flow are still few in number (e.g. Barluenga et al. 2006; 
Savolainen et al. 2006a) . The endemic Metrosideros species on LHI provide a new 
opportunity to gain insight into how this process may be triggered in natural populations, as 
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well as revealing the circumstances that make lineages amenable to this form of divergence 
and the ecological and genomic consequences for the resulting species. Here, I focus on the 
ecological and genetic divergence of Metrosideros nervulosa and M. sclerocarpa to gain 
further insight into how this specific speciation event may have unfolded and, in so doing, 
shed light on some general questions about speciation with gene flow.  
For speciation to occur in the absence of physical geographic barriers, reproductive 
isolation must arise through biological mechanisms, as continuing gene flow results in 
homogenisation of diverging populations (Dieckmann & Doebeli 1999; Tregenza & Butlin 
1999; Coyne & Orr 2004). In sympatry or parapatry, where the potential for migration is high, 
strong divergent selection is required for the persistence of genomic regions that oppose gene 
exchange and allow phenotypic differentiation. Consequently, reproductive barriers are likely 
to evolve rapidly under these conditions (Coyne & Orr 2004; Hendry et al. 2007). At the 
onset of divergence intrinsic postzygotic isolation is thought to be prohibitive to speciation, 
and extrinsic ecological mechanisms are expected to drive the evolution of reproductive 
isolation (Coyne & Orr 2004; Schluter & Conte 2009). This process requires three 
components; an ecological source of divergent selection, a reproductive isolating mechanism 
and a genetic mechanism to link the divergent selection and isolation (Schluter 2000, 2001; 
Kirkpatrick & Ravigné 2002; McKinnon et al. 2004; Rundle & Nosil 2005). At present, there 
is limited evidence for any of these factors in the endemic LHI Metrosideros species. 
In circumstances where the prior knowledge of adaptive traits and the genes underlying 
them is available (e.g. in model and heavily studied non-model organisms), direct observation 
of the interaction between natural selection and genetic differentiation is possible 
(Stinchcombe & Hoekstra 2007; Schluter et al. 2010). Unfortunately, in most organisms 
direct evidence for the impact of divergent selection is usually not possible as the genetic 
basis for adaptive traits, and often the adaptive traits themselves, may be unknown (Storz 
2005; Bonin et al. 2006; Stinchcombe & Hoekstra 2007). Despite this, indirect evidence can 
be accumulated because strong selection, acting on specific loci, leads to increased levels of 
differentiation between populations relative to that expected for loci evolving under neutral 
conditions (Beaumont & Balding 2004; Beaumont 2005; Storz 2005). This principle has been 
applied to genome scans of randomly distributed molecular markers to reveal “outlier” loci 
that display aberrant levels of differentiation and are presumably linked to genetic regions 
under selection or responsible for reproductive isolation (Wilding et al. 2001; Bonin et al. 
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2006; Via & West 2008). This method has proved useful in estimating the proportion of loci 
that may be involved in adaptation to different selective environments. Furthermore, the 
association of these candidate loci with ecological and functional variation can provide useful 
insights into the components required for ecological speciation with gene flow (Nosil et al. 
2009a; Butlin 2010), an approach that has become common in studies of the early stages of 
speciation (e.g. Wilding et al. 2001; Bonin et al. 2006; Nosil et al. 2008), but is relatively rare 
for investigations of the advanced stages of speciation (e.g. Savolainen et al. 2006a). 
For the divergence of M. nervulosa and M. sclerocarpa, I hypothesised that shifts in 
flowering time and ecological isolation have allowed speciation to occur within a very 
restricted geographic area (16km
2
) in the last 0.01 to 3.53 million years (Chapter 2). Unlike 
the sympatric radiation of the LHI Coprosma species, which exhibit incremental 
diversification along an altitudinal gradient as new species arose (Chapter 2), and speciation 
of the Howea palms of the island, where the uplift of calcarenite soils is likely to have 
allowed the ancestral species to diversify from volcanic soils (Savolainen et al. 2006a; Babik 
et al. 2009), the current circumstances of the Metrosideros species do not suggest a clear 
hypothesis of exactly how speciation took place. Knowledge regarding the ecology of these 
species is limited (Chapter 2; Green 1994) and, aside from their sister species status and 
ploidy level, nothing is known about either genetic differentiation within and between these 
species or the influence of selection on their genomes, if any (Chapter 2). Temporal isolation, 
via differences in flowering time, may have played a role during speciation as the flowering 
times of these species are partially non-overlapping and, within each species, individuals at 
lower elevation produce flowers earlier in the flowering season (Chapter 2). In organisms 
with restricted dispersal ability, temporal isolation could potentially cause divergence without 
any other influences (Chapter 2; Devaux & Lande 2010; Kisel & Barraclough 2010). 
Metrosideros species have a generalist pollination system and are visited by birds and insects 
on LHI, a system that reduces the spatial scale of gene flow. However, they also posses highly 
vagile wind dispersed seeds suggesting that temporal isolation alone would be insufficient to 
cause speciation. Habitat isolation, through selection against immigrants and hybrids (Rice 
1987; Coyne & Orr 2004), provides another possible source of reproductive isolation that 
could overcome this problem in the LHI Metrosideros, as they show some elevational 
segregation (Chapter 2). 
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This study assembles field and GIS based ecological data in combination with molecular 
genetic information to investigate the degree of differentiation of these species. This data is 
used to uncover the impact of selection on the species‟ genomes and the role of selection 
during speciation, as well as to assess the potential influences of temporal and habitat 
isolation. This will contribute to a more comprehensive understanding of speciation in 
Metrosideros on LHI and speciation with gene flow in a wider context. 
 
4.3 MATERIALS AND METHODS 
4.3.1 Sampling and ecological data collection 
Leaf tissue was collected from 78 M. sclerocarpa and 99 M. nervulosa mature individuals and 
dried using silica gel (Table S4.1). Care was taken to avoid collecting diseased tissue, or 
leaves coated in sooty leaf-mould, to prevent contamination of extracted DNA. Samples were 
collected along fifteen random transects of LHI. The GPS position and altitude of each 
sample was recorded using an eTrex Summit HC with a built-in barometric altimeter, which 
was calibrated at sea level daily. The percentage of primary canopy cover was estimated by 
eye. Soil samples were collected from within one meter of the base of each plant at least 24 
hours after rainfall. Soil pH was measured using Inoculo soil pH test kits (EnviroEquip Pty) 
and the water content of the soil was measured by weighing the fresh soil sample, drying it in 
an oven for 4 hours at 70⁰C and weighing again. For each sample the Euclidean distance to 
the nearest watercourse (creek) and the distance to the coast (a proxy for salt deposition; 
Aamlid & Horntvedt 2002) were extracted using ArcGIS V 9.2. Contour maps of LHI were 
digitised and converted into a 10 m × 10 m digital elevation model (DEM) in ArcGIS V 9.2. 
The spatial analyst toolbox was used to generate 10 m × 10 m raster layers of hill shade 
(available light), aspect and gradient of the slope, distance to the coast and to the nearest 
creek. Digitised maps of the 43 vegetative associations of Pickard (1983) and the geology of 
LHI were made available by the New South Wales National Parks and Wildlife Service and 
these were converted into 10 m × 10 m raster layers. The vector ruggedness measure (VRM) 
for a 10 m × 10 m grid with a 3 × 3 neighbourhood size was calculated using a publicly 
available python script (http://arcscripts.esri.com/details.asp?dbid=15423). VRM is a measure 
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of topographic heterogeneity and has been shown to be decoupled from the gradient of the 
slope, unlike other measures of heterogeneity (Sappington et al. 2007).  
4.3.2 DNA extraction and AFLP fingerprinting 
A modified protocol of the Doyle and Doyle (1987) method was used to extract total genomic 
DNA from 0.3 to 0.5 g of dried leaf material (Csiba & Powell 2006). DNA was purified using 
DNeasy Mini Spin Columns (Qiagen, Crawley, West Sussex, UK) according to the 
manufacturer‟s protocol and subsequently quantified using an Eppendorf Biophotometer. 
Sixteen M. nervulosa samples and four M. sclerocarpa samples were excluded from further 
molecular analysis because of poor DNA quality. The Amplified Fragment Length 
Polymorphism (AFLP) multilocus genetic fingerprinting technique was used to process each 
sample. This technique is composed of a restriction digestion step followed by two rounds of 
selective PCRs to generate large numbers of variable genetic markers, all PCR protocols 
followed Vos et al. (1995). For each sample, approximately 500 ng of total genomic DNA 
was digested in 11µl reactions containing 1.1 μl T4 DNA ligase buffer (Promega), 0.55 μl 
BSA (1 mg/ml; Promega), 1.1 μl 0.5 M NaCl, 5 U EcoRI (Promega), 1 U MseI (Promega) 1 U 
T4 DNA ligase (Promega), 1 μl EcoRI/MseI adapters (Applied Biosciences), incubated at 
37⁰C for 2 h. Pre-selective amplifications were carried out using Applied Biosystems‟ AFLP 
plant mapping kits for regular genomes according to the manufacturer‟s protocols. Selective 
amplifications were conducted using 7.5µl of PCR master mix [2x] (Fermentas), 0.5 µl of 
5µM MseI-XXX primers (Invitrogen), 0.5 µl of fluorescently labelled 1µM EcoRI-XXXDYE 
(Applied Biosystems) and 1.5 µl of the diluted pre-selective amplification product. All 
reactions were carried out on an Veriti
®
 96-Well Fast Thermal Cycler (Applied Biosystems) 
and the fluorescently labelled AFLP fragments were detected with the use of an automated 
sequencer (ABI 3130xl Genetic Analyser), using a GeneScan ROX-500 (Applied Biosystems)  
internal size standard.  
Primer trials with 24 primer combinations were carried out on seven samples of each 
species. Based on the quality and quantity of bands produced, ten primer pair combinations 
were selected (MseI-CAC/ EcoRI-ACAFAM, MseI-CAG/ EcoRI-ACTFAM, MseI-CTC/ EcoRI-
ACTFAM, MseI-CTA/ EcoRI-AGGJOE, MseI-CAA/ EcoRI-ACCNED, MseI-CAT/ EcoRI-
ACCNED, MseI-CTT/ EcoRI-ACTFAM, MseI-CAA/ EcoRI-AGGJOE, MseI-CAC/ EcoRI-
AGGJOE, MseI-CTA/ EcoRI-AACNED) and used in AFLP reactions for all 157 samples. 
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Additionally the first six combinations were used to generate AFLP profiles for five 
individuals of M. kermadecensis and one individual of M. excelsa to be used as outgroups. 
Positive controls consisting of reference DNA samples from Applied Biosystems AFLP kits 
and negative controls of water were used in all reactions. Replicates from independent DNA 
extractions of 30 randomly chosen individuals were run, on separate plates for each step, to 
estimate genotyping error and assess the reproducibility of individual AFLP loci. Five M. 
nervulosa and two M. sclerocarpa samples failed to amplify for one or more primer 
combination and were excluded from further analysis. 
The raw data was sized and analysed with Genemapper V4 software. Based on 150 M. 
nervulosa and M. sclerocarpa samples, 642 loci (bins) were defined by eye in the range of 
50–500 base pairs. Presence/absence at each locus was scored automatically by Genemapper 
and scoring was subsequently confirmed manually. Only fragments with a signal intensity 
greater that 50 relative fluorescence units were scored as present. Samples were processed 
blindly, using extraction codes, to avoid subjectivity in peak scoring. Reproducibility was 
assessed for the repeated samples and loci with mismatch error rates of  ≥ 0.1 (i.e., ≥ 3 errors) 
were removed from further analyses, as suggested in Bonin et al. (2007), leading to an overall 
error rate per multilocus genotype of 1.45% (Bonin et al. 2004; Pompanon et al. 2005). To 
prevent downward bias in estimates of FST, loci with band frequencies 1 < > 99% were also 
excluded, yielding a final data set of 478 loci. The outgroup samples of M. kermadecensis and 
M. excelsa were scored as present/absent for these 478 predefined loci.  
4.3.3 Ecological data analyses 
To identify ecological variation between M. nervulosa and M. sclerocarpa individuals, ten 
continuous ecological variables were included in a principal components analysis (PCA) of 
the pair wise correlation matrix for all samples (James & McCulloch 1990). Canopy cover, 
soil water, soil pH, and altitude were recorded in the field. Distance to the nearest creek and 
the coast, hill shade, aspect and gradient of the slope and VRM values were extracted from 
GIS layers. The predominant winds on LHI come from the north-east (Pickard 1983). To 
reflect this, the aspect recorded for each sample was converted into a continuous measure of 
north-easterly wind exposure ranging from 0 (equivalent to a South-west aspect) to 180 (i.e. a 
North-east aspect). Predictive species distribution models (also known as ecological niche 
models) were created for both species based on 177 recorded locations of Metrosideros 
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species on LHI and all of the available 10m × 10m GIS layers (ten continuous and two 
categorical variables). Distribution models were created using the MAXENT software 
(Phillips et al. 2006) which implements a presence-only niche modelling technique based on 
the principle of maximum entropy. The resulting output grid of the model can be interpreted 
as estimates of a species probability of presence, dependent on the environmental 
characteristics of the grid cell (Phillips & Dudík 2008). MAXENT models were created using 
the default parameters (convergence threshold = 10
-5
, maximum iterations = 500, 
regularization multiplier = 1, maximum number of background points = 10,000), with the 
jackknife test of variable importance. To assess the model 80% of the samples were used for 
model training and 20% for model testing. 
4.3.4 Population genetic analyses 
Initially, the entire AFLP dataset (including the outgroup species) was used to build a 
Neighbour-joining (NJ) tree. The NJ analysis and a bootstrap analysis with 10 000 replicates 
were run in PAUP V4.0b10 (Swofford 2003). Subsequently, only the binary presence/absence 
data for M. nervulosa and M. sclerocarpa was used for analyses of population structure and 
calculation of population statistics. Analyses of population structure were conducted on three 
data sets; (i) the full data set for the LHI endemics (M. nervulosa + M. sclerocarpa), (ii) only 
M. nervulosa and (iii) only M. sclerocarpa.  To avoid the influence of homoplasious absent 
bands, the pair wise Jaccard coefficients (Jaccard 1908) were calculated and subjected to 
principal coordinates analysis (PCO) using PCO3 software (Anderson 2003). The AFLP data 
were also analysed using the individual-based Bayesian clustering approach implemented in 
STRUCTURE V 2.3.3 (Pritchard et al. 2000), which has been adapted for use with dominant 
markers (Falush et al. 2007). All analyses were run using the admixture model with correlated 
allele frequencies and no a priori information of species / population membership. After 
preliminary runs, analyses of each data set were conducted with K = 1 – 8 clusters. For each 
value of K, 10 replicates of 120 000 MCMC iterations were run and the first 20 000 iterations 
of each chain were discarded as a burn-in. To infer the most likely number of genetic clusters  
two assessments were used: (i) a comparison of the log probability of the data (X) given K 
[Pr(X│K)] for different values of K, and (ii) ΔK, the second order rate of change in Pr(X│K), 
was calculated (Evanno et al. 2005). 
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Population statistics were calculated from the full data set for the LHI endemics only. 
Individuals were assigned to one of two populations based on their species. The frequency of 
private markers (present in one species), shared polymorphisms, and markers that are 
polymorphic in one species and fixed (present) in the other, were calculated. AFLP-SURV 
(Vekemans et al. 2002) was used to calculate population statistics for the species using the 
Lynch and Milligan method (1994) via the Bayesian estimation of allele frequencies with 
non-uniform prior distribution (Zhivotovsky 1999). Gene diversity statistics obtained were: 
Ht, the total genetic diversity; Hj, the gene diversity within species; and PPL, the proportion 
of polymorphic loci at the 5% level. Additionally, AFLP-SURV was used to estimate genetic 
differentiation (FST) between the species. Inbreeding has been observed in other closely 
related Metrosideros species and so a Bayesian analogue of FIS,  f, was estimated using the 
default parameters in Hickory (Holsinger et al. 2002; Holsinger & Lewis 2007). Estimates of 
FIS with AFLPs are known to be unreliable (Holsinger & Lewis 2007), however, the estimate 
for the LHI Metrosideros species (FIS = 0.238, SE = 0.074) is broadly similar with those 
calculated for other Metrosideros species from microsatellites (M. boninensis, maximum FIS = 
0.29; Kaneko et al. 2008) and allozymes (M. excelsa, maximum FIS in adults = 0.12; Schmidt-
Adam et al. 2000). As inbreeding has not been directly confirmed in M. nervulosa and M. 
sclerocarpa population statistics were estimated twice using AFLP-SURV, once assuming 
Hardy-Weinberg equilibrium (HWE) and again assuming FIS=0.238. Analysis of Molecular 
Variance (AMOVA) was performed using Arlequin V3.5 (Excoffier & Lischer 2010), 
significance was tested on 1000 permutations.  
Isolation by distance (IBD) and isolation by altitude were tested within each species using 
regressions of the pair wise kinship coefficients (Hj; Hardy 2003) between individuals with (i) 
the log geographic distance (km) (ii) the linear altitudinal distance (km) in SPAGeDi (Hardy 
& Vekemans 2002).  These resulting slopes (b) are not directly comparable as log geographic 
distance is two-dimensional and altitude is one-dimensional (Rousset 1997). In M. nervulosa 
there is an almost 1:1 correlation between geographic distance and the linear longitudinal 
distance (km). In other words the population is narrow and elongated, therefore, the analysis 
was repeated using longitudinal distance, assuming that M. nervulosa is a one-dimensional 
population (Rousset 1997). Kinship coefficients were calculated under both HWE and 
FIS=0.238 and the significance of the slope was tested using 10 000 permutations of locations 
and individuals, analogous to a Mantel test (Hardy & Vekemans 2002). 
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4.3.5 Genetic and environmental correlation 
Multiple univariate logistic regressions of presence/absence for each locus against the ten 
environmental variables used in the PCA were conducted using matSAM V2.0 (Joost et al. 
2008). The purpose was to identify potential adaptive loci that may be under selection due to 
environmental conditions and which may play a role in the persistence of individuals in a 
given habitat (Joost et al. 2007). This individual based analysis was applied to all three data 
sets used in the estimation of population structure. The Bonferroni correction was applied to 
the confidence thresholds in order to avoid the increased probability of obtaining significant 
results from multiple comparisons (Rice 1989). Environment-locus relationships were only 
considered as significant when confirmed by both the G and Wald statistical tests (Joost et al. 
2007). 
Figure 4.1 PCA of 
ecological variables. Green 
squares denote M. nervulosa 
individuals and blue squares 
signify M. sclerocarpa. Red 
arrows (vectors) correspond 
to each of the analysis 
variables (dark blue text) 
and are proportional to the 
component loadings. LHI 
Metrosideros species occupy 
a continuous environmental 
space. The two species are 
strongly divergent along 
PC1 with limited overlap in the niches occupied. Soil.H20, Soil water (ml/g of soil), Light, available 
light, Canopy, canopy cover, pH, soil pH, NE.wind, deviation of aspect of the slope from North-east, 
Slope, Gradient of the slope, Creek, distance to the nearest creek, HH, habitat heterogeneity, Coast, 
distance to the coast. 
4.3.6 Outlier loci detection 
Two methods were used to detect outlier loci showing greater differentiation between species 
than neutral loci, an indication that they have been subject to directional selection. First, the  
79 
 
Figure 4.2 Sampling locations (a) and species distribution models for M. nervulosa (b) and M. sclerocarpa (c) inferred from environmental data. Sampled M. nervulosa 
individuals are identified by green diamonds and M. sclerocarpa by blue squares. Grey lines (2a) represent contour lines at 20 m intervals. Grid cells are coloured in shades 
of green to denote the probability that M. nervulosa will occur at that location (2b). Similarly the habitat suitability of cells for M. sclerocarpa is indicated by blue shading 
(2c). Darker shades of blue and green indicate increased probability of occurrence. On the distribution map for each species (b and c) the predicted distribution of the other 
Metrosideros species is superimposed in shades of grey to make comparison easier. Areas in which competitive exclusion is likely to affect each species‟ distribution are 
indicated by white ellipses. 
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hierarchical Bayesian approach implemented by Dfdist (Beaumont & Balding 2004) was 
applied, by estimating null allele frequencies for each locus in the empirical AFLP data set 
using Zhivotovsky‟s (1999) Bayesian approach. The Weir & Cockerham (1984) FST values 
were estimated for each locus and the median FST, conditional on heterozygosity, was used as 
the target “neutral” mean for simulations (Caballero et al. 2008; Butlin 2010). The null 
distribution of FST values was generated from coalescent simulations of 50 000 loci with a 
critical frequency of 0.99. Outliers were detected at the 95% and 99% levels; only those under 
directional selection were considered, as the power to detect balancing selection is low 
(Beaumont & Nichols 1996; Beaumont & Balding 2004). Second, the data were analysed 
using BayeScan V2.0 (Foll & Gaggiotti 2008) which estimates the posterior probability that 
each locus is under the effect of selection.  Two alternative models are defined, one including 
selection and another that does not, and their posterior probabilities are estimated using an 
MCMC approach. Analyses were run using prior odds (PO) of 1, i.e. the model under 
selection is equally likely as the model without, and 10, where the selection model is 10 times 
less likely. In both cases a false discovery rate of 0.05 was applied (Foll & Gaggiotti 2008). 
 
4.4 RESULTS 
4.4.1 Ecological variation in LHI Metrosideros species 
PCA was used to summarise the ecological variation observed in M. nervulosa and M. 
sclerocarpa. The first three principal components (PC) account for 60.8% of the total 
variation (PC1 = 32.6%, PC2 = 15.5% and PC3 = 12.7%). The first axis describes the 
environmental divergence of M. nervulosa and M. sclerocarpa (Fig. 4.1). Along this axis the 
habitats occupied by M. nervulosa are predominantly characterised by higher altitudes, further 
distance from creeks and the coast, increases in topographic heterogeneity and the gradient of 
the slope, and decreases in the available light and canopy cover. The reverse of these 
environmental trends is observed in M. sclerocarpa. There is a narrow area of overlap along 
PC1and more M. sclerocarpa outliers occupy the ecological space of M. nervulosa than vice 
versa. Axis two describes variation common to both species; they can tolerate a range of soil 
pH and water retention and are unaffected by North-easterly winds. The third axis indicates 
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that M. sclerocarpa is less able to adapt to topographically complex areas with low soil pH 
and little canopy cover (Fig. S4.1). 
Table 4.1 Genetic diversity estimates (PPL, Hj) and regression slopes (b) for isolation by distance 
(IBD), altitude (IBAlt), longitude (IBLong) and latitude (IBLat) within M. nervulosa and M. 
sclerocarpa. Results were calculated under HWE and FIS = 0.238. M. nervulosa has consistently 
higher genetic diversity than M. sclerocarpa. IBD is similar between the two species, whereas 
IBAlt is stronger in M. sclerocarpa than M. nervulosa. IBLong and IBLat are weaker than IBAlt in 
the linear population of M. nervulosa. Correlations between Fij and longitude or latitude were not 
significant (NS) in M. sclerocarpa. 
Calculated assuming HWE 
    
Species n PPLa
 
Hj
a 
IBD (b)
b
 
 
IBAlt (b)
c IBLong (b)c IBLat (b)c 
M. nervulosa 78 
0.63
8 
0.234 (SE 
0.008)  
-0.0084 ± 
0.0016 
-0.0379 ± 
0.0055 
-0.0216 ± 
0.0029 
-0.0077 ± 
0.0014 
M. sclerocarpa 72 
0.25
1 
0.086 (SE 
0.006) 
-0.0100 ± 
0.0015 
-0.0705 ± 
0.0124 
NS NS 
Calculated assuming FIS = 0.238   
   
Species n PPLa Hj
a IBD (b)b  IBAlt (b)c IBLong (b)c IBLat (b)c 
M. nervulosa 78 
0.64
9 
0.221 (SE 
0.008) 
-0.0103 ± 
0.0013 
-0.0463 ± 
0.0067 
-0.0264 ± 
0.0035 
-0.0094 ± 
0.0017 
M. sclerocarpa 72 
0.25
1 
0.073 (SE 
0.005) 
-0.0121 ± 
0.0018 
-0.0853 ± 
0.0150 
NS NS 
a 
Calculated using AFLP-SURV 
b 
Regression slopes of Fij and log geographic distance (km) using SPAGeDi 
c 
Regression slopes of Fij and linear distances (km) using SPAGeDi 
 
Species distribution models were created for both M. nervulosa and M. sclerocarpa using 
177 point locations (Fig. 4.2a, b and c) and model performance was assessed using 
MAXENT‟s evaluation of the area under the ROC curve (AUC). High values of AUC for 
both species in training and test partitions (M. nervulosa, training = 0.975, test = 0.960; M. 
sclerocarpa, training = 0.946, test = 0.906) are indications that the models fit the data well. 
The most influential variables on M. sclerocarpa distributions were; distance to nearest creek, 
geology, vegetation type and hill shade, with relative contributions to the model of 38.9%, 
28.8%, 12.7% and 8.7%, respectively. M. nervulosa distributions were predicted most 
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strongly by altitude (53.5%), vegetation (12.6%), coastal distance (8.8%) and geology (6.4%). 
Jackknife analyses confirmed creek distance as the most useful predictor of M. sclerocarpa 
distributions and altitude for M. nervulosa. The predictive models indicate that the suitable 
habitats of the two species are largely physically separated in geographical space, although 
the models do overlap in several areas.  
Table 4.2 Results of STRUCTURE analysis (Mn = M. nervuosa, Ms = M. 
sclerocarpa). Pr(X│K) and ΔK (Evanno et al. 2005) are reported for teach 
value of K tested. ΔK cannot be calculated for K = 1 or the highest value of K. 
The combined analysis (Mn + Ms) indicates there are clearly two clusters 
corresponding to each species. Separate analysis (Mn or Ms) analyses 
uncovered no evidence for within species population structure. 
 
Mn + Ms  Mn  Ms 
K Pr(X│K) ΔK  Pr(X│K) ΔK  Pr(X│K) ΔK 
1 -36 219 
 
 -18 981    -6 498 
 
2 -25 305 91.2  -19 324 5.7  -6 609 1.8 
3 -24 701 3.3  -18 576 5.0  -5 868 0.6 
4 -24 781 1.2  -19 774 1.5  -5 759 1.0 
5 -25 532 0.8  -18 528 8.5  -6 055 0.5 
6 -25 645 0.1  -19 501 0.0  -6 647 0.5 
7 -25 865 1.0  -20 458 1.2  -6 476 1.0 
8 -27 317 5.5  -24 890 4.8  -7 955 3.2 
 
4.4.2 Genetic variation 
Gene diversity indices calculated using AFLP-SURV are reported in Table 4.1, estimation of 
statistics under HWE and FIS = 0.238 produced broadly congruent results and HWE results 
are reported throughout the text. Diversity was consistently higher in M. nervulosa than in M. 
sclerocarpa; PPL was 305 (63.8%) in M. nervulosa and 120 (25.1%) in M. sclerocarpa. Total 
gene diversity (Ht) was 0.272, and this was unevenly distributed between the species. Within 
species, Hj = 0.234 (SE 0.008) in M. nervulosa and 0.086 (0.006) in M. sclerocarpa. Out of 
the 478 loci scored, 223 were private (171 only present in M. nervulosa and 52 only in M. 
sclerocarpa) and 187 were shared polymorphisms. The remaining 68 markers were 
polymorphic in M. nervulosa and fixed in M. sclerocarpa. Calculated using the Bayesian 
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method in AFLP-SURV, differentiation between the genomes of M. nervulosa and M. 
sclerocarpa is strong, but highly variable between loci (under HWE, FST = 0.383, SE 0.253; 
under FIS = 0.238, FST = 0.422, SE 0.255). According to the AMOVA, genetic variation was 
greater between species (54.5%) than within species (45.5%). 
 
Figure 4.3 Genetic structure in LHI Metrosideros. The AFLP based neighbour-joining tree (3a) of M. 
nervulosa (green) and M. sclerocarpa (blue) with two outgroup species (black) shows that M. 
sclerocarpa is monophyletic and nested within M. nervulosa, with little structure evident within either 
species. Stars denote bootstrap values of 100%, the scale bar indicates genetic distance. The 
STRUCTURE analyses at K = 2 (3b) shows that the species are genetically distinct, with only very 
low levels of admixture, mainly in M. sclerocarpa. No population structure was found in either 
species. 
4.4.3 Population structure 
The neighbour-joining phylogram including outgroup taxa (M. kermadecensis and M. excelsa) 
is shown in Fig. 4.3a. Branch lengths correspond to the genetic distance between samples; the 
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short branch between M. nervulosa and outgroup taxa is caused by the exclusion of all unique 
loci in the outgroup species. This analysis supports the monophyly of the LHI endemic taxa 
established in Chapter 2 and also indicates that the monophyletic M. sclerocarpa is nested 
within M. nervulosa. Low branch support across most of the tree has led to very little 
resolution within each of the LHI species. This lack of structure within species is also evident 
from the PCO analysis (Fig. S4.2). STRUCTURE analysis of the LHI endemics data set at K 
= 2 (Fig. 4.3b) identified two clear groups corresponding to M. nervulosa and M. sclerocarpa, 
and this number of clusters received overwhelming support (ΔK = 91.18; Table 4.2). Only 
two M. sclerocarpa individuals showed evidence of low levels of genetic admixture ( > 0.10 
M. nervulosa) suggesting that hybridisation occurs infrequently, if at all. STRUCTURE 
analyses of each species separately confirmed that there is no population genetic structure in 
either M. nervulosa or in M. sclerocarpa.  
Table 4.3 Results of matSAM analyses, correlations between loci and environmental variables 
significant at 99% level after Bonferroni correction.  
Environmental 
variable 
Number of 
loci 
a  Number of loci correlated withb: 
 
 
1 variable 
2 
variables 
3 
variables 
4 
variables 
5 
variables 
Altitude 102 25 12 41 15 9 
Creek Distance
c 
74 3 7 41 14 9 
Coast Distance
d 
19 0 0 0 10 9 
Light
e 
16 1 0 0 6 9 
Slope
f 
77 3 9 41 15 9 
Any variable 111 32 14 41 15 9 
a 
Total number of loci correlated with each environmental variable. 
b 
For each environmental variable, the number of loci that are associated with that variable alone (1 
variable) and the number correlated with additional variables (2 -5 variables). 
c 
Euclidean distance to the nearest creek (km). 
d 
Euclidean distance to the coast (km). 
e 
Available light (hillshade). 
f 
Gradient of the slope. 
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Similar levels of weak, but significant, isolation by distance were found within both M. 
nervulosa (b = -0.0084 ± 0.0010) and M. sclerocarpa (b = -0.0100 ± 0.0015). Isolation by 
altitude was stronger in M. sclerocarpa (b = -0.0705 ± 0.0124) than in M. nervulosa (b = -
0.0379 ± 0.0055). In M. nervulosa isolation by longitudinal distance (b = -0.0216 ± 0.0029)   
was weaker than isolation by altitude. Regressions of longitudinal and latitudinal distances 
with Fij were also conducted for comparison. Results of regressions using Fij coefficients 
calculated under FIS=0.238 and HWE are reported in Table 4.1. 
 Figure. 4.4 Genomic signatures of divergent 
selection. This plot of FST vs. Heterozygosity for 
each locus summarizes the results for the 
genome scan analyses. Red points represent the 
loci detected as being under divergent selection 
using Dfdist. Blue points denote the additional 
loci that were significantly correlated with one or 
more environmental variables. Dashed lines 
denote the neutral envelope estimated by 
coalescent simulation using Dfdist. The mean 
and lower 95% confidence thresholds are in 
black and the upper threshold is in red. 
4.4.4 Locus-environment correlations and outlier loci 
Two genome scan approaches were used; the first to investigate the influence of 
environmental factors on the genome and, the second to detect signatures of selection. 
Univariate logistic regression models inferred by matSAM identified 111 loci (23%) that are 
correlated with at least one environmental parameter when all samples were included (with 
Bonferroni correction of the significance level for multiple comparisons set to 1.38 x 10
-06
, 
corresponding to 99% confidence level). 32 loci were correlated with just one variable, 
predominantly altitude, and the remaining loci were associated with a combination of five 
variables (Table 4.3). Correlations with altitude (102 loci), slope (77 loci) and distance to 
creeks (74 loci) were the most common and were often associated with the same locus (for 41 
loci). Models derived from analyses of each species individually returned no significant 
correlations under both statistical tests.  
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Table 4.4 Outlier loci detected by Dfdist (95% level) and BayeScan (PO =1, false discovery rate = 0.05) and the environmental variables correlated with each locus. 
Outliers detected by both Dfdist and BayeScan 
       
Locus ID Altitude Creek distance 
Coast 
distance Light Slope log10(BF)a
 
p.p
b 
Mn - freq
c 
Ms - freq
c FST-Dfdist
d 
B11_67 <1.00 x 10-16** 3.77 x 10-14** 1.17 x 10-7* NS 7.77 x 10-16** 1.55 0.972 0.00 1.00 0.957 
G17_53 <1.00 x 10-16** 1.37 x 10-12** 2.85 x 10-8* 2.68 x 10-8* 8.55 x 10-15** 1.55 0.973 1.00 0.00 0.958 
G17_140
e <1.00 x 10-16** 1.37 x 10-12** 2.85 x 10-8* 2.68 x 10-8* 8.55 x 10-15** 1.55 0.973 1.00 0.00 0.958 
Y9_101 <1.00 x 10-16** 2.76 x 10-14** 7.96 x 10-8* NS 2.33 x 10-15** 1.11 0.928 0.01 1.00 0.950 
         Outliers detected only by Dfdist 
        
Locus ID Altitude Creek distance 
Coast 
distance Light Slope log10(BF)a
 
p.p
b 
Mn - freq
c Ms - freqc FST-Dfdist
d 
B16_170 <1.00 x 10-16** 5.80 x 10-9* NS NS 3.17 x 10-12** 0.13 0.574 0.00 0.89 0.660 
B2_130 <1.00 x 10-16** 4.83 x 10-12** NS NS 3.85 x 10-14** 0.79 0.860 0.04 1.00 0.935 
B11_208 <1.00 x 10-16** 2.55 x 10-13** NS NS 2.87 x 10-13** 0.92 0.892 0.03 1.00 0.943 
G17_86 <1.00 x 10-16** 4.33 x 10-15** 1.65 x 10-8* NS 5.55 x 10-16** 0.72 0.841 0.00 0.99 0.875 
G21_126 <1.00 x 10-16** 2.04 x 10-13** NS NS 4.22 x 10-15** 0.72 0.839 0.00 0.99 0.875 
G17_408 1.87 x 10-12**
 
NS NS NS 4.03 x 10-9** -0.05 0.469 0.00 0.63 0.380 
a 
BF = Bayes factor, estimated using BayeScan. 
b 
p.p = posterior probability. 
c 
Band frequency of locus in each species (Mn = M. nervulosa, Ms = M. sclerocarpa). 
d 
FST at each locus estimated using Dfdist. 
e 
Locus G17_140 was the only locus detected by BayeScan with PO set to 10. 
**
Significant correlation with environmental variable after Bonferroni correction at the 99.99% level, G-statistic P-values reported. 
*
 Significant correlation with environmental variable after Bonferroni correction at the 99% level, G-statistic P-values reported.
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Outlier loci detection was conducted using two programs; Dfdist employs coalescent 
simulations to create a “neutral” distribution of FST values, whereas, BayeScan uses Bayesian 
computation to compare models of selection at each locus versus a model of no selection. 
Using Dfdist, ten outlier loci were detected at the 95% level (Table 4.4 and Fig. 4.4), but 
none were detected at the 99% level. Four out of these ten loci were detected using BayeScan 
with PO = 1, however, only one of these was detected when PO = 10 (Table 4.4). All ten 
potential outliers were significantly correlated with altitude and slope and often with distance 
to the nearest creek and/or another environmental variable. They exhibit strong differentiation 
between the species, many with higher frequency in M. sclerocarpa (Table 4.4). Outlier and 
non-outlier loci that were significantly correlated with environmental variables displayed 
varying degrees of differentiation between species (mean FST = 0.582, SE = 0.216, Fig. 4.4) 
and uncorrelated loci were consistently less differentiated between species (mean FST = 
0.237, SE = 0.092). 
  
4.5 DISCUSSION 
The recurrence of sympatric speciation with gene flow on Lord Howe Island offers a unique 
opportunity to investigate speciation events that have occurred in different lineages under 
similar environmental conditions. Here I present several novel results that cumulatively 
provide a clear view of how Metrosideros nervulosa and M. sclerocarpa evolved on LHI, a 
scenario that differs from the speciation of the Howea palms in a number of ways.  
 Genetic analysis of the two species provides two lines of evidence that M. sclerocarpa 
has diverged from an M. nervulosa-like ancestor. First, phylogenetic analyses (NJ-tree) 
confirms that M. sclerocarpa is monophyletic and is nested within M. nervulosa. Second, 
gene diversity (Hj, PPL and number of private markers) is considerably higher in M. 
nervulosa than in M. sclerocarpa. Such a reduction of diversity is indicative of diminished 
population size in this lineages‟ history (Nei et al. 1975) or may be the result of selective 
sweeps during speciation (Harrison 1991). Additionally, the high number of markers that are 
presently fixed (presence) in M. sclerocarpa, but which are polymorphic in M. nervulosa, 
indicate that M. sclerocarpa contains a subset of the molecular variation that was present in 
the ancestral species, variation that persists in M. nervulosa. This raises the possibility that M. 
sclerocarpa was able to diverge into its niche due to the presence of standing genetic 
variation in its parent species, rather than through the accumulation of new adaptive 
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mutations. Standing genetic variation is thought to have facilitated the repeated colonisation 
of streams by marine stickleback (Schluter & Conte 2009). This scenario has some credence 
as the Hawaiian M. polymorpha complex, close relatives of the LHI species, has diversified 
into forest and bog ecotypes, potentially on multiple, parallel occasions (Percy 2008; Wright 
& Ranker 2010). 
As might be expected in a sympatrically diverging lineage, especially where habitat 
isolation is key (Rice 1987), the LHI Metrosideros are strongly divergent along an 
environmental gradient. PCA of environmental differences between individuals (Fig. 4.1) 
clearly shows that the ecological space occupied by the LHI Metrosideros is continuous, with 
a clear, narrow zone defining an ecological barrier between the species. Only a handful of 
individuals have crossed this barrier and occur in the ecological space of the other species 
(one M. nervulosa and five M. sclerocarpa). M. sclerocarpa has a more restricted niche, 
tolerating less variation in some environmental variables than M. nervulosa (Fig S4.1). 
Species distribution models confirm this strong ecological separation and demonstrate that 
the species are almost completely geographically separated from each other, only coming into 
physical contact at the edges of their distributions (Fig. 4.2b and c). These models also show 
that the niche of each species is delimited by different environmental variables. M. nervulosa 
is predominantly restricted by elevation and, to a lesser extent, by vegetation type, occurring 
in a variety of habitats above 400m. M. sclerocarpa on the other hand appears to occupy a 
narrower (but geographically quite widespread) niche determined by close proximity to 
creeks, geology, vegetative associations and greater availability of light.  
An advantage of the presence-only niche modelling in the context of evolutionary studies 
is that it produces predictive distribution models (Phillips & Dudík 2008). The realised 
distribution of the species is determined by information that is not included in the models. 
This may take the form of excluded environmental variables or ecological interactions 
between species, e.g. competition (Anderson et al. 2002). Comparison of predicted niches 
and knowledge of species‟ absence in specific areas allows inference of evolutionary 
scenarios (Anderson et al. 2002; Kozak et al. 2008). On LHI, for three areas that are 
predicted to be suitable for both species, observations on the island suggest that only one of 
the species occupies each area (Fig. 4.2b and c). Given the good fit of the models, it is 
reasonable to conclude that competitive exclusion may be preventing colonisation (Anderson 
et al. 2002). The generally small M. nervulosa (max height approx. 6m) is well adapted to a 
variety of habitats on the cooler and more exposed mountain tops. Its exclusion from lower 
elevations is probably due to competition with the suite of much taller trees found in the 
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rainforest around the mountains. The more specialised M. sclerocarpa, on the other hand, can 
reach heights of up to 10m, dominating water logged soils along (and occasionally in the 
middle of) creeks.  The model for M. sclerocarpa predicts that it should occur around creeks 
on the summit of Mt. Gower. However, M. nervulosa is one of the two dominant trees across 
the summit and it reaches its largest size along the summit creeks. The absence M. 
sclerocarpa in these areas seems a strong indication of competitive interactions with the 
ecologically more versatile M. nervulosa. This is not conclusive evidence for competition, 
but, given that these species have diverged along a continuous ecological gradient and largely 
occur in discrete geographic areas (i.e. niche segregation), there is a realistic possibility that 
inter- and infra-specific competition have acted during speciation (Johansson & Ripa 2006).  
Such strong ecological divergence has left its imprint on the genetic architecture of the 
LHI Metrosideros. Genetic differentiation of the two species is high, comparable to that 
observed in the Howea palms (Savolainen et al. 2006a; Babik et al. 2009), although in 
Metrosideros differentiation is considerably more variable across loci. This pattern is 
consistent with the heterogeneous patterns of genomic differentiation expected during 
speciation with gene flow (Harrison 1991; Nosil et al. 2009a). Unlike in Howea, I found very 
little evidence for ongoing gene flow between the two species, as no recent hybrids were 
detected. The admixture seen in a handful of M. sclerocarpa individuals is more likely to be a 
relic of introgression in the distant past, rather than contemporary hybridisation events. Some 
M. nervulosa individuals have thin, elongate leaves that are more similar to those of M. 
sclerocarpa, however, genuine morphologically intermediate individuals have not been 
observed in nature and so the lack of hybridisation in this data set is not surprising. Two 
potential reasons for this exist: first, their divergence has progressed far enough that intrinsic 
reproductive barriers have evolved and they are now completely isolated from each other 
(Coyne & Orr 1997, 2004); second, selection against hybrids and immigrants is so strong that 
intermediate plants do not survive to maturity (Rice 1987; Schluter 2000; Rundle & Nosil 
2005). Hybridisation and reciprocal transplant experiments would confirm either one of these 
hypotheses. Despite this, it is clear that intrinsic isolation is unlikely to have initiated 
divergence of the species, as the large number of shared polymorphisms and variation in 
differentiation across the genome suggest that reproductive isolation did not occur 
instantaneously.  
To evaluate potential mechanisms that may have reduced gene flow during speciation I 
investigated genetic structure within each Metrosideros species. Examination of within 
species genetic patterns allows important inferences to be made about the geographic setting 
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during speciation and how reproductive isolation has evolved. In chapter 2, I demonstrated 
that this divergence conformed to the biogeographic definition of sympatric speciation 
(Coyne & Orr 2004; Mallet et al. 2009); the current study provides an opportunity to 
determine whether it also conforms to the more restrictive population genetic definitions 
(Fitzpatrick et al. 2008, 2009). To do so Fitzpatrick et al. (2008) suggest that “evidence must 
support panmixia of the ancestral population” and that this inference can be made by 
evaluating whether the daughter species are currently panmictic. I tested for the presence of 
isolation by distance to determine whether geographic distance between individuals affected 
their genetic relatedness (Rousset 1997; Hardy 2003). In both Metrosideros species weak but 
significant isolation by distance is present, at similar levels to that observed in Howea 
species. This demonstrates that under population genetic definitions this speciation event is at 
the extreme end of the parapatric spectrum, but does not qualify strictly as sympatric 
speciation. The hypothesis that altitude dependent flowering time has contributed to 
reproductive isolation (Chapter 2) leads to the testable prediction that within species 
altitudinal distance will correlate with genetic distance. I observed isolation by altitude within 
both species and, interestingly, the effect was considerably stronger in M. sclerocarpa than in 
M. nervulosa, indicating that it has played an important role in isolation between the species. 
Whether this was initially a genetic or plastic response remains unclear. The linear population 
structure of M. nervulosa allowed a direct comparison between isolation by altitude and 
isolation by longitude which confirms that altitudinal distance has a stronger effect on 
relatedness than geographic distance in M. nervulosa. Despite evidence that this isolating 
mechanism may be functioning in both species, no population structure was evident in either 
of them. Although isolation by altitude does occur in Metrosideros - presumably driven by 
flowering time differences - neither this, nor geographic isolation alone have been sufficient 
to cause population differentiation within the species. One conclusion that can be drawn from 
this is that isolation of individuals through flowering time differences or physical distance 
from each other is unlikely to be solely responsible for speciation.  In addition, within 
species, no loci were significantly correlated with environmental variables, suggesting that 
divergent ecological selection is not actively causing divergence within either species. This 
supports the notion that temporal isolation via shifts in flowering time requires ecological 
divergence to drive population differentiation.  
As direct estimates of selection acting in this case were not available, I employed two 
genome scan methods to search for signatures of selection in the genomes of the LHI 
Metrosideros. As many as 2.09% of loci may be under the influence of positive, divergent 
91 
 
selection. Similar proportions of outliers were found between the sympatrically diverged 
Howea species (Savolainen et al. 2006a) and between Gladiolus species in South Africa 
(Rymer et al. 2010). Greater proportions of loci have been observed in species comparisons 
of plants (Yatabe et al. 2007; Minder & Widmer 2008) and eels (Gagnaire et al. 2009) in 
secondary contact. Of the outliers in the present study, the larger proportion occured in M. 
sclerocarpa, suggesting the more restrictive niche of this species has imposed strong 
selection at a greater number of sites. All of the outliers were correlated with environmental 
differences between the species, strong evidence that ecologically driven divergent selection 
has played a part during divergence. Once again, these results point to a major role for habitat 
isolation in the initiation of this speciation event. 
Surprisingly, a large number of non-outlier loci were also strongly correlated with one or 
more environmental variables, exhibiting varying degrees of differentiation between the 
species. Strong selection along a single ecological dimension is expected to increase 
differentiation in one or a few genomic regions. In this scenario, the potential for a correlated 
genetic response, through pleiotropy or genetic hitchhiking, to produce reproductive isolation 
is limited. On the other hand, weaker selection on a greater number of ecological dimensions 
may increase the chances of a correlated response that allows population divergence to 
progress to full speciation (Harrison 1991; Smadja et al. 2008; Via & West 2008; Nosil et al. 
2009a; Via 2009; Feder & Nosil 2010). In the case of the LHI Metrosideros, where 
ecological divergence appears to be reasonably complex, it is tempting to jump to the 
conclusion that varying levels of selection may be acting on all of these loci (or genes linked 
to them) and speciation has occurred rapidly due to segregation of genomic “continents” 
between the species. Under this hypothesis, widespread selection would lead to an 
erroneously high estimate of FST limiting the ability of these analyses to distinguish outliers 
from neutral loci. Unfortunately, if sufficient time has passed since the completion of 
reproductive isolation, mutation and drift within the species may be responsible for the 
increased levels of differentiation seen at these loci (Via 2009; Thibert-Plante & Hendry 
2010). Genetic mapping approaches have generally supported the “genomic island” view in 
which selection influences a few small regions dispersed across the genome (Emelianov et al. 
2004; Turner et al. 2005; Via & West 2008), with scant support for the alternative (Michel et 
al. 2010). In this respect, the LHI Metrosideros system is a good candidate for further 
investigation of the genetic architecture of speciation. 
Searching for speciation genes (Butlin & Ritchie 2001; Nosil & Schluter 2011) in this 
system is complicated because of the level of divergence between the species and as outlier 
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loci can only be detected through a single pair-wise comparison. A potentially fruitful line of 
research would be to use island pairs of M. polymorpha ecotypes to determine and identify 
genes under selection through multiple comparisons. Identifying candidate genes in the M. 
polymorpha system would provide a good starting point for their discovery in the LHI system 
and would make it possible to investigate ecological speciation stemming from parallel 
evolution or from standing genetic variation, throughout Metrosideros. 
 
4.6 CONCLUSION 
This study applies a combination of ecological and genetic techniques to characterise 
speciation of the LHI endemics M. nervulosa and M. sclerocarpa. I present evidence that 
ecologically driven, divergent natural selection has played an important role in speciation and 
has influenced the spatial distribution and genetic differentiation of these species. 
Colonisation of lowland, valley environments by the ancestor of both species, led to strong 
habitat isolation between populations as a consequence of selection against intermediate 
forms, potentially driven by competitive interactions between Metrosideros individuals and 
other species. Speciation appears to have neared completion in this case as there is no 
evidence of ongoing hybridization and genetic differentiation is high. Temporal and spatial 
isolation may have facilitated divergence, but are not sufficiently strong to have driven 
divergence without natural selection. This case of speciation differs from that of the Howea 
palms in that adaptation to different soil types has not influenced divergence and here, 
speciation has been accompanied by a large reduction in genetic diversity in one species. 
Under population genetic definitions, this speciation event should be considered as parapatric 
because it is unlikely to have occurred under initial panmixia and the two species are 
physically distributed in parapatry, with only narrow zones of co-existence. Nevertheless, 
under biogeographic definitions in qualifies as sympatric speciation. Both species possess 
highly vagile, wind-dispersed seeds and weak isolation by distance within species indicate 
that this speciation event occurred in a geographic setting near to the sympatric extreme of 
the allopatry-sympatry continuum. This system presents future opportunities for investigating 
the genes involved in ecological adaptation, the role of competitive interactions in speciation 
and the consequences of ecologically driven speciation with gene flow on the genomic 
architecture of descendant species. 
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Chapter 5 Speciation with gene flow on Lord Howe 
Island: ecological and genetic divergence in Coprosma 
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5.1 ABSTRACT 
The radiation of endemic Coprosma species on Lord Howe Island is thought to have occurred 
despite high levels of ongoing gene exchange between the species. In this study, ecological 
and molecular genetic (Amplified Fragment Length Polymorphisms; AFLP) data were 
analysed to provide a more comprehensive understanding of these speciation events. Here, I 
demonstrate that in fact six distinct species have evolved during this radiation, two of which 
are currently undescribed. Four species have evolved via speciation with gene flow and 
subsequent hybridisation between them has lead to the evolution of a further two hybrid 
species. This is the first documented evidence that the “syngameon hypothesis” of 
diversification during an adaptive radiation has occurred in plants. Species distribution 
modelling and principal components analysis show that the species are ecologically and 
environmentally divergent. Species are likely to have evolved in parapatry through 
competitive interactions and selection against migrants and hybrids. FST-based outlier 
analyses and genomic clines analyses of hybrid zones demonstrate that divergent selection has 
played a role in speciation and that the genomic regions under selection are involved in niche 
segregation. 
 
5.2 INTRODUCTION 
Scientific interest in speciation with ongoing gene exchange, and the importance of ecological 
divergence in this process, has intensified during the past decade (Schluter 2001; Kirkpatrick 
& Ravigné 2002; McKinnon et al. 2004; Rundle & Nosil 2005; Hendry et al. 2007; Butlin et 
al. 2008b; Mallet 2008).  It has remained as a controversial topic for evolutionary biologists 
because genetic and phenotypic divergence of populations must overcome the powerful, 
homogenising influence of continuing gene flow (Mayr 1963; Coyne 1992a; Dieckmann & 
Doebeli 1999; Tregenza & Butlin 1999). Devoid of a physical geographic barrier to 
reproduction, population differentiation relies on divergent natural selection, accompanied by 
a biological isolating mechanism and a genetic means of linking the two (Schluter 2000, 
2001; Kirkpatrick & Ravigné 2002; McKinnon et al. 2004; Rundle & Nosil 2005). Ecological 
divergent selection can stem from numerous sources, which may not be mutually exclusive. 
Selection can be driven by abiotic factors - such as climate, habitat structure and resource 
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abundance - or biotic factors - such as sexual selection, inter- or intra-specific competition and 
predation (Schluter 2000; Rundle & Nosil 2005). Similarly, reproductive barriers can take 
various forms, both prezygotic (e.g. habitat isolation, temporal isolation, pollinator isolation, 
behavioural isolation) or postzygotic (e.g. hybrid inviability or selection against hybrids; 
Schluter 2000; Coyne & Orr 2004; Rundle & Nosil 2005; Sobel et al. 2009). Laboratory 
experiments, and a growing number of field studies, have demonstrated that this ecologically 
driven divergence is possible (Rice & Hostert 1993; Barluenga et al. 2006; Savolainen et al. 
2006a; Dettman et al. 2007; Nosil 2007; Butlin et al. 2008b), and occurs with surprising 
regularity in nature (Chapter 2; Nosil 2008). For speciation with gene flow events in non-
model organisms, establishing potential sources of selection and reproductive isolation, as 
well as, detecting and identifying the genomic regions that allow the simultaneous inheritance 
of adaptive traits and reproductive barriers is essential for advancing perceptions of how this 
process proceeds in nature. 
Evidence that speciation with gene flow has occurred a number of times in a single 
location (Lord Howe Island, LHI) supports the idea that it may be commonplace (Chapter 2; 
Savolainen et al. 2006a; Babik et al. 2009). In at least three angiosperm genera on LHI 
(Coprosma, Howea and Metrosideros) speciation has taken place without substantial 
geographic isolation or through the onset of instantaneous reproductive isolation driven by 
polyploidisation (Chapter 2; Savolainen et al. 2006a). Detailed investigation of speciation in 
Metrosideros and Howea (both with two endemic species on LHI) have been presented 
previously (Chapter 4; Savolainen et al. 2006a; Babik et al. 2009). Here, I focus on the 
sympatric radiation of five species of Coprosma on LHI. In Chapter 2, I demonstrated that 
four described species (C. lanceolaris, C. inopinata, C. huttoniana, and C. putida) and a fifth, 
genetically and morphologically distinct, undescribed species (Coprosma sp. nov.) have 
speciated on LHI within the last 5 million years. A sixth endemic LHI Coprosma species, C. 
prisca, was shown to be unrelated to the other LHI species. In this group, gene flow is not 
expected to be limited by geographic barriers on LHI, particularly as the dioecious Coprosma 
species are thought to be wind pollinated and dispersed mainly by birds (principally the LHI 
currawong - Strepera graculina subsp. crissalis; Chapter 2; Kisel & Barraclough 2010). 
Temporal reproductive isolation exists between some of the species due to partially or 
completely diverging flowering periods (Chapter 2; Green 1994). However, little else is 
known about the ecology of the LHI Coprosma. Analyses in Chapter 2 also demonstrated that 
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mean elevational ranges are significantly different among the LHI Coprosma species and that 
the order of diversification suggests that they have speciated along an altitudinal gradient. I 
also proposed that speciation had occurred as a result of ecologically driven habitat isolation; 
a process facilitated by flowering time divergence that may have arisen in response to 
elevational variation in the occurrence of preferred habitat types.  
The Coprosma radiation on LHI offers an unprecedented opportunity in plants to scrutinize 
the ecological and genetic effects of multiple speciation events that have taken place within a 
very restricted area ( < 16km
2
). One unusual feature of a sympatric radiation is that following 
the initial divergence of one population into two species, subsequent speciation events can 
potentially occur in two ways; (i) one of the resulting species can diverge via speciation with 
gene flow or (ii) the two new species can hybridise to form a third new species - assuming 
that pre-mating or intrinsic prezygotic and postzygotic isolation are incomplete (Coyne & Orr 
2004; Seehausen 2004). Speciation resulting from hybridisation without a concomitant 
doubling in chromosome number is known as homoploid hybrid speciation and, by definition, 
occurs in sympatry (Coyne & Orr 2004; Mallet 2007; Rieseberg & Willis 2007; Nolte & 
Tautz 2010). Hybridisation generates new genetic variation by creating previously untested 
allelic combinations; however, in most instances the resulting genotypes and phenotypes are 
less fit than the progenitor species. Persistence of the daughter species will only occur if it has 
superior fitness to one or both of the parent species in their niche (heterosis), thus displacing 
them, or if hybridisation creates new phenotypes not found in the parent populations that 
allow colonisation of a new niche (transgressive segregation; Coyne & Orr 2004; Mallet 
2007; Rieseberg & Willis 2007; Sobel et al. 2009; Nolte & Tautz 2010). Hybridisation is 
common in nature, particularly in plants, yet surprisingly few cases of homoploid hybrid 
speciation have been documented (Rieseberg 1997; Gross & Rieseberg 2005; Gompert et al. 
2006). As for divergence with gene flow, recent curiosity about ecologically driven divergent 
selection and speciation has seen renewed interest in homoploid hybrid speciation as a major 
source of biodiversity (Nolte & Tautz 2010).  
Advances in statistical and computational methods have facilitated the detection of 
genomic signatures of selection and genetic correlates of environmental specialisation with 
very little preliminary knowledge regarding the species genetics or ecology, especially in non-
model organisms (Storz 2005; Bonin et al. 2006; Stinchcombe & Hoekstra 2007). Loci that 
display higher levels of differentiation between populations than expected under neutral 
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models are thought to be genes, or linked to genes, targeted by divergent selection (Beaumont 
& Balding 2004; Beaumont 2005; Storz 2005). FST-based methods for identifying genomic 
regions under selection have become commonplace (Wilding et al. 2001; Bonin et al. 2006; 
Via & West 2008) and new approaches to the analyses of genomic clines in hybrid zones 
(Gompert & Buerkle 2009; Lexer et al. 2010; Nolte & Tautz 2010; Macholán et al. 2011) 
have broadened the scenarios under which researchers can identify the effect of divergent 
selection in wild systems.  Here, I explore the mechanisms of speciation in the LHI Coprosma 
radiation. In order to provide evidence that adaptive divergence has been involved in 
Coprosma speciation, I determine components of the ecological/environmental divergence of 
the LHI Coprosma, the association between their genetic and ecological differentiation and 
search for the effect of divergent selection on the genomes of these species. 
 
5.3  MATERIALS AND METHODS 
5.3.1 Sampling and ecological data collection 
For DNA analyses, leaf tissue was collected from mature individuals of C. lanceolaris (n = 
102), C. inopinata (n = 12), C. huttoniana (n = 46), C. sp. nov. (n = 16) and C. putida (n = 
159) and dried using silica gel (Table S5.1). Diseased tissue and leaves coated in sooty leaf-
mould were avoided to prevent contamination of extracted DNA. Samples were collected 
along fifteen transects of LHI with the exception of the C. inopinata samples which were 
collected by the New South Wales National Parks and Wildlife Service on an unrelated 
helicopter expedition. The GPS position and altitude of each sample was recorded using an 
eTrex Summit HC with a built-in barometric altimeter, which was calibrated at sea level 
daily. For all samples (excluding C. inopinata) the percentage of primary canopy cover was 
estimated by eye. Soil samples were collected from within 1 m of the base of each plant at 
least 24 hours after rainfall. Soil pH was measured using Inoculo soil pH test kits 
(EnviroEquip Pty) and the water content of the soil was measured by weighing the fresh soil 
sample, drying it in an oven for 4 hours at 70⁰C and weighing again. For each sample the 
Euclidean distance to the nearest watercourse (creek) and the distance to the coast (a proxy for 
salt deposition; Aamlid & Horntvedt 2002) were extracted using ArcGIS V 9.2. Contour maps 
of LHI were digitised and converted into a 10 m x 10 m digital elevation model (DEM) in 
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ArcGIS V 9.2. The spatial analyst toolbox was used to generate 10 m x 10 m raster layers of 
hill shade (available light), aspect and gradient of the slope, distance to the coast and to the 
nearest creek. Digitised maps of the 43 vegetation associations of Pickard (1983) and the 
geology of LHI were made available by the New South Wales National Parks and Wildlife 
Service and these were converted into 10 m x 10 m raster layers. The vector ruggedness 
measure (VRM) for a 10 m x 10 m grid with a 3 x 3 neighbourhood size was calculated using 
a python script (http://arcscripts.esri.com/details.asp?dbid=15423). VRM is a measure of 
topographic heterogeneity and has been shown to be decoupled from the gradient of the slope, 
unlike other measures of heterogeneity (Sappington et al. 2007).  
5.3.2 DNA extraction and AFLP fingerprinting 
A modified protocol of the Doyle and Doyle (1987) method was used to extract total genomic 
DNA from 0.3 to 0.5 g of dried leaf material (Csiba & Powell 2006). DNA was purified using 
DNeasy Mini Spin Columns (Qiagen, Crawley, West Sussex, UK) according to the 
manufacturer‟s protocol and subsequently quantified using an Eppendorf Biophotometer. 
Three C. huttoniana, one C. sp. nov. and 17 C. putida samples were excluded from further 
molecular analysis because of poor DNA quality. The Amplified Fragment Length 
Polymorphism (AFLP) multilocus genetic fingerprinting technique was used to process each 
sample. This technique comprises a restriction digestion step followed by two rounds of 
selective PCRs to generate large numbers of variable genetic markers, all PCR protocols 
followed Vos et al. (1995). For each sample, approximately 500 ng of total genomic DNA 
was digested in 11µl reactions containing 1.1 μl T4 DNA ligase buffer (Promega), 0.55 μl 
BSA (1 mg/ml; Promega), 1.1 μl 0.5 M NaCl, 5 U EcoRI (Promega), 1 U MseI (Promega) 1 U 
T4 DNA ligase (Promega), 1 μl EcoRI/MseI adapters (Applied Biosciences), incubated at 
37⁰C for 2 h. Pre-selective amplifications were carried out using Applied Biosystems‟ AFLP 
plant mapping kits for regular genomes according to the manufacturer‟s protocols. Selective 
amplifications were conducted using 7.5µl of PCR master mix [2x] (Fermentas), 0.5 µl of 
5µM MseI-XXX primers (Invitrogen), 0.5 µl of fluorescently labelled 1µM EcoRI-XXXDYE 
(Applied Biosystems) and 1.5 µl of the diluted pre-selective amplification product. All 
reactions were carried out on an Veriti
®
 96-Well Fast Thermal Cycler (Applied Biosystems) 
and the fluorescently labelled AFLP fragments were detected with the use of an automated 
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sequencer (ABI 3130xl Genetic Analyser), using a GeneScan ROX-500 (Applied Biosystems)  
internal size standard.  
Primer trials with 24 primer combinations were carried out on three samples of each 
species. Based on the quality and quantity of bands produced, seven primer pair combinations 
were selected (MseI-CAC/ EcoRI-ACAFAM, MseI-CAG/ EcoRI-ACTFAM, MseI-CTC/ EcoRI-
ACTFAM, MseI-CAG/ EcoRI-AGGJOE, MseI-CTA/ EcoRI-AGGJOE, MseI-CAA/ EcoRI-
ACCNED, MseI-CAT/ EcoRI-ACCNED) and used in AFLP reactions for all 309 samples. 
Positive controls consisting of reference DNA samples from Applied Biosystems AFLP kits 
and negative controls of water were used in all reactions. Replicates from independent DNA 
extractions of 37 randomly chosen individuals were run, on separate plates for each step, to 
estimate genotyping error and assess the reproducibility of individual AFLP loci. Five C. 
putida samples failed to amplify for one or more primer combinations and were excluded 
from further analysis. 
The raw data was sized and analysed with Genemapper V4 software. Based on 309 
samples, 1104 loci (bins) were defined by eye in the range of 50–500 base pairs. 
Presence/absence at each locus was scored automatically by Genemapper and scoring was 
subsequently confirmed manually. Only fragments with a signal intensity greater that 50 
relative fluorescence units were scored as present. Samples were processed blindly, using 
extraction codes, to avoid subjectivity in peak scoring. Reproducibility was assessed for the 
repeated samples. Loci with mismatch error rates of  ≥ 0.1 were removed from further 
analyses, as suggested in Bonin et al. (2007), yielding 819 polymorphic loci. The overall error 
rate per multilocus genotype was 1.51% (Bonin et al. 2004; Pompanon et al. 2005).  
5.3.3 Population genetic analyses 
The AFLP dataset was used to build an unrooted Neighbour-joining (NJ) network. The NJ 
analysis and a bootstrap analysis with 10,000 replicates were run in PAUP V4.0b10 
(Swofford 2003). To avoid the influence of homoplasious absent bands, the pair wise Jaccard 
coefficients (Jaccard 1908) were calculated and subjected to principal coordinates analysis 
(PCO) using PCO3 software (Anderson 2003). The AFLP data were also analysed using the 
individual-based Bayesian clustering approach implemented in STRUCTURE V 2.3.3 
(Pritchard et al. 2000), which has been adapted for use with dominant markers (Falush et al. 
2007). All analyses were run using the admixture model with correlated allele frequencies and 
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no a priori information of species/population membership. After preliminary runs, analyses of 
each data set were conducted with 1 - 12 clusters (K ). For each value of K, 10 replicates of 
120 000 MCMC iterations were run and the first 20 000 iterations of each chain were 
discarded as a burn-in. To infer the most likely number of genetic clusters  two assessments 
were used: (i) a comparison of the log probability of the data (X) given K [Pr(X│K)] for 
different values of K, and (ii) ΔK, the second order rate of change in Pr(X│K), was calculated 
(Evanno et al. 2005).  
Population statistics were calculated separately for two data sets: (i) for the global data set, 
individuals of C. huttoniana, C. lanceolaris, C. inopinata, C. putida and C. sp. nov. were 
assigned to populations based on their species identifications. Coprosma putida individuals 
were then further subdivided into two populations (C. putida-N and C. putida-S) according to 
the Bayesian admixture proportions (Q values) derived from STRUCTURE (K = 6) analyses. 
(ii) For each of these six populations, hybrids - identified as individuals that were assigned a 
Q value for their respective population of less than 0.9 - were removed to provide a matrix of 
pure bred individuals. These data sets are referred to as the “global” and “pure bred (PB)” 
data sets respectively. The frequency of private markers (present in one species) was 
calculated for each data set. AFLP-SURV (Vekemans et al. 2002) was used to calculate 
population statistics using the Lynch and Milligan method (1994) via the Bayesian estimation 
of allele frequencies with non-uniform prior distribution (Zhivotovsky 1999). Gene diversity 
statistics obtained were: Ht, the total genetic diversity; Hj, the gene diversity within species; 
NPL and PPL, the number and proportion of polymorphic loci at the 5% level, respectively. 
Additionally, AFLP-SURV was used to estimate genetic differentiation (FST) between the 
species. Levels of inbreeding have not been directly confirmed in Coprosma, but are expected 
to be low as the LHI Coprosma species are wind pollinated and dioecious. As such, 
population statistics were estimated assuming Hardy-Weinberg equilibrium (HWE). 
Isolation by distance (IBD) and isolation by altitude (IBAlt) were assessed for pure bred 
individuals of C. huttoniana (n = 33), C. lanceolaris (n = 92), C. putida-N (n = 103) and C. 
putida-S (n = 20). Populations of C. inopinata and C. sp. nov. were not tested due to the small 
sample sizes for these populations. IBD and IBAlt was assessed using regressions of the pair 
wise kinship coefficients (Hj; Hardy 2003) between individuals with (i) the log geographic 
distance (km) and (ii) the linear altitudinal distance (km) in SPAGeDi (Hardy & Vekemans 
2002).  The resulting slopes (b) are not directly comparable as log geographic distance is two-
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dimensional and altitude is one-dimensional (Rousset 1997). The significance of the slope 
was tested using 10 000 permutations of locations and individuals, analogous to a Mantel test 
(Hardy & Vekemans 2002). 
5.3.4 Ecological data analyses 
To identify ecological differences between individuals identified as C. lanceolaris, C. 
huttoniana, C. putida and C. sp. nov., ten continuous ecological variables were included a 
principal components analysis (PCA) of the pair wise correlation matrix (James & McCulloch 
1990). C. inopinata was not included due to the lack of available field data. Canopy cover, 
soil water, soil pH, and altitude were recorded in the field. Distance to the nearest creek and 
the coast, hill shade, aspect and gradient of the slope and VRM values were extracted from 
GIS layers. The predominant winds on LHI come from the North-east (Pickard 1983), to 
reflect this, the aspect recorded for each sample was converted into a continuous measure of 
north-easterly wind exposure ranging from 0 (equivalent to a South-west aspect) to 180 (i.e. a 
North-east aspect). Predictive, ecological niche models (also known as species distribution 
models) were created for all populations based on recorded locations of samples in the PBI 
data set and the available 10m x 10m GIS layers (ten continuous and two categorical 
variables). These distribution models were created using MAXENT (Phillips et al. 2006) 
which implements a presence-only niche modelling technique based on the principle of 
maximum entropy. The resulting output grid of the model can be interpreted as estimates of a 
species probability of presence, dependent on the environmental characteristics of the grid cell 
(Phillips & Dudík 2008). MAXENT models were created using the default parameters 
(convergence threshold = 10
-5
, maximum iterations = 500, regularization multiplier = 1, 
maximum number of background points = 10,000), with the jackknife test of variable 
importance. Models for each population were calculated using the10-fold cross-validation 
procedure which repeats the modelling process 10 times (with a random selection of 12% of 
individuals assigned for model testing) to generate a mean predictive model.  
5.3.5 Genetic and environmental correlation 
To determine ecological differences between the genetic clusters, AFLP data and 
environmental variables (as in the PCA) for individuals of C. lanceolaris, C. huttoniana, C. 
putida and C. sp. nov. were included in a canonical correlation analysis of principal co-
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ordinates (CAP; Anderson & Willis 2003). This analysis determines correlations of 
environmental variables with PCO (genotype) axes, the significance of correlations were 
tested using 10,000 permutations. Multiple univariate logistic regressions of presence/absence 
for each locus against the ten environmental variables used in the PCA were conducted using 
matSAM V2.0 (Joost et al. 2008). The purpose was to identify potential adaptive loci that 
may be under selection due to environmental conditions and which may play a role in the 
persistence of individuals in a given habitat (Joost et al. 2007). This individual based analysis 
makes no assumptions about population structure and was, therefore, applied to the global 
data set. The Bonferroni correction was applied to the confidence thresholds in order to avoid 
the increased probability of obtaining significant results from multiple comparisons (Rice 
1989). Environment-locus relationships were only considered as significant when confirmed 
by both the G and Wald statistical tests at the 99.9999% level (Joost et al. 2007). 
5.3.6 Outlier loci detection 
For each of the data sets (global, PB), two methods were used to detect outlier loci showing 
greater differentiation between species than neutral loci, an indication that they have been 
subject to directional selection. First, the hierarchical Bayesian approach implemented by 
Dfdist (Beaumont & Balding 2004) was applied, by estimating null allele frequencies for each 
locus in the empirical AFLP data set using Zhivotovsky‟s (1999) Bayesian approach. The 
Weir & Cockerham (1984) FST values were estimated for each locus and the median FST, 
conditional on heterozygosity, was used as the target “neutral” mean for simulations 
(Caballero et al. 2008; Butlin 2010). The null distribution of FST values was generated from 
coalescent simulations of 50,000 loci with a critical frequency of 0.99. Outliers were detected 
at the 95% level and only those under directional selection were considered as the power to 
detect balancing selection is low (Beaumont & Nichols 1996; Beaumont & Balding 2004). 
Second, the data were analysed using BayeScan V2.0 (Foll & Gaggiotti 2008) which 
estimates the posterior probability that each locus is under the effect of selection.  Two 
alternative models are defined, one including selection and another that does not, and their 
posterior probabilities are estimated using an RJMCMC approach. Analyses were run using 
prior odds (PO) of 1, i.e. the model under selection is equally likely as the model without and 
a false discovery rate of 0.05 was applied (Foll & Gaggiotti 2008). Within each data set, pair 
wise Dfdist and BayeScan analyses were run between all combinations of populations.
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Table 5.1 Genetic diversity estimates (NPL, PPL, Hj) and regression slopes (b) for isolation by distance (IBD) and altitude (IBAlt) for six Coprosma populations (C. 
la. = C. lanceolaris, C. in. = C. inopinata, C. hu. = C. huttoniana, C. pu. N = C. putida-N, C. pu. S = C. putida-S, C. sp. = C. sp. nov.). Diversity indices were 
calculated from the global and pure bred (PB) data sets assuming HWE. IBD and IBAlt were calculated only for C. huttoniana, C. lanceolaris, C. putida-N and C. 
putida-S.  
Calculated from global data set  
Species n NPLa
 
PPL
a 
Hj
a 
Unique Markers Fixed Markers IBD (b)b IBAlt (b)c
 
C. la. 102 283 0.346 0.110 (SE 0.005) 62 0 - - 
C. in. 12 295 0.360 0.121 (SE 0.006) 32 0 - - 
C. hu. 43 299 0.365 0.143 (SE 0.006) 46 0 - - 
C. pu. N 111 237 0.289 0.087 (SE 0.005) 31 0 - - 
C. pu. S 26 274 0.335 0.138 (SE 0.006) 25 0 - - 
C. sp. 15 103 0.126 0.075 (SE 0.005) 23 5 - - 
Calculated from PB data set  
Species n NPLa
 
PPL
a 
Hj
a 
Unique Markers Fixed Markers IBD (b)b IBAlt (b)c
 
C. la. 92 164 0.200 0.074 (SE 0.005) 67 (90)d
 
8 (12)
d -0.0113 ± 0.0016 -0.0243 ± 0.0057 
C. in. 12 295 0.360 0.121 (SE 0.006) 61 (75)d 7 (9)d - - 
C. hu. 33 154 0.188 0.083 (SE 0.005) 54 (75)d 5 (6)d -0.0093 ± 0.0019 -0.0650 ± 0.0256 
C. pu. N 103 139 0.170 0.055 (SE 0.004) 42 (67)d 0 (2)d -0.0104 ± 0.0014 -0.0295 ± 0.0073 
C. pu. S 20 135 0.165 0.071 (SE 0.004) 40 (-)d 5 (-)d NS NS 
C. sp. 14 90 0.110 0.065 (SE 0.005) 28 (-)d 9 (-)d - - 
a 
Calculated using AFLP-SURV 
b 
Regression slopes of Fij and log geographic distance (km) using SPAGeDi 
c 
Regression slopes of Fij and linear distances (km) using SPAGeDi 
d 
Numbers of unique or fixed markers calculated without hybrid populations (C. putida-S and C. sp. nov.) are given in parentheses 
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Figure 5.1 Genetic structure in LHI Coprosma species. The unrooted neighbour-joining (NJ) network 
(1A) and the principal coordinates analysis (PCO, 1B) describe six distinct genetic clusters. In the 
PCO C. sp. nov. is intermediate between C. putida-N and C. inopinata, while C. putida-S is 
intermediate between C. putida-N and C. huttoniana. Populations are identified by the same colours 
throughout: C. lanceolaris, cyan; C. inopinata, red; C. huttoniana, purple; C. putida-N, dark blue; C. 
putida-S, gold; C. sp. nov., green.  
5.3.7 Genomic clines analyses 
The R package INTROGRESS (Gompert & Buerkle 2010) was used to identify loci with 
frequencies in admixed populations that deviate from neutral expectations. Multinomial 
regression is used to estimate the probability of a particular genotype dependent on genome 
wide levels of admixture (Gompert & Buerkle 2009; Gompert & Buerkle 2010). Loci 
deviating from neutrality in this way are likely to be under selection or linked to regions 
responsible for reproductive isolation and/or adaptation (Gompert & Buerkle 2009). For 
dominant data (e.g. AFLP), allele frequencies in parental populations are calculated from the 
frequency of null homozygotes and used to estimate the hybrid indices for each admixed 
individual (Gompert & Buerkle 2010). The hybrid index quantifies the level of genome wide 
admixture and is similar to Q values computed by STRUCTURE (Buerkle 2005; Gompert & 
Buerkle 2009). For each locus, genomic clines are then calculated for the admixed population 
using logistic regression. Finally, neutral expectations are simulated using a parametric 
procedure, allowing for allele frequency differences across loci, and the significance of the 
fitted cline‟s deviation from neutrality is tested (Gompert & Buerkle 2009; Gompert & 
Buerkle 2010). Two admixture gradients, identified using the analyses of genetic structure 
described above, were included in genomic clines analysis. The first was composed of C. 
huttoniana, C. putida-N, and C. putida-S (HPP). The second comprised of C. inopinata, C. 
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putida-N and C. sp. nov. (IPS). In both cases pure bred individuals (Q > 0.9) from parental 
populations were identified using STRUCTURE with K = 2, as suggested by (Gompert & 
Buerkle 2009). After invariant loci had been removed, each data set was analysed separately 
in R (R Development Core Team 2009) using the INTROGRESS package.   
 
Figure 5.2 Hybridisation and genetic structure in LHI Coprosma species. STRUCTURE analyses 
with K = 3 (above) substantiate the hybrid origins of C. putida-S and C. sp. nov. Analyses with K = 6 
(below) confirm that there are six genetic clusters in the sample. The high proportion of admixed 
individuals demonstrates that hybridisation occurs frequently, particularly with C. inopinata. 
 
5.4 RESULTS 
5.4.1 Population structure 
The neighbour-joining (NJ) network of all samples (Fig. 5.1a), contains five well supported 
groups, with a large number of genetically intermediate individuals scattered throughout the 
network. C. putida-N (dark blue) received no support as a monophyletic group, probably due 
to hybridisation with other populations. Low branch support across most of the network 
provides little resolution within each population. This lack of structure within species is also 
evident from the PCO analysis (Fig. 5.1b). PCO analysis supports the existence of six distinct 
genetic clusters, with two populations appearing to be of hybrid origin: C. sp. nov. is 
intermediate in genetic space between C. putida-N and C. inopinata; in contrast, C. putida-S 
(identified a posteriori) occurs between C. putida-N and C. huttoniana. STRUCTURE 
analysis at K = 3 (Fig. 5.2) received the greatest support (ΔK = 110.69; Fig. 5.3). At this 
number of predefined clusters C. lanceolaris and C. putida-N were revealed as distinct 
populations, C. huttoniana and C. inopinata were lumped into a single population and C. sp. 
nov., and C. putida-S were of mixed ancestry.  K = 6 received less support (ΔK = 19.11; Fig. 
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5.3) than K = 3, but considerably more than other levels of K. The six clusters identified by 
STRUCTURE largely conform to the morphologically identified species and genetic clusters 
of the PCO analysis; the cryptic hybrid C. putida-S was identified based on these analyses. 
The STRUCTURE, PCO and NJ network analyses indicate that hybridisation between the 
populations is frequent, with at least two distinct genetic clusters arising from hybridisation 
between C. putida-N and other populations (C. inopinata in the case of C. sp. nov.; C. 
huttoniana in the case of C. putida-S). 
 
 Figure 5.3 Statistical analysis to determine the 
most suitable value of K. Values of Pr(X│K) 
and ΔK (Evanno et al. 2005) were used to 
determine the most likely number f genetic 
clusters in the sample and are reported for each 
value of K tested. ΔK cannot be calculated for K 
= 1 or the highest value of K. K = 3 received the 
greatest support and K = 6 obtained higher 
support than other numbers of clusters. 
 
5.4.2 Genetic variation and isolation within populations 
Gene diversity indices, calculated using AFLP-SURV, are reported in Table 5.1. Estimation 
of statistics for the two data sets (global and PB) were similar for C. inopinata and C. sp. 
nov., but differed dramatically for the other populations. When admixed individuals were 
included (i.e. global data set), gene diversity was even between C. lanceolaris, C. inopinata, 
C. huttoniana and C. putida-N (PPL, 33.5 – 36.5%; Hj, 0.110 – 0.143), but reduced in the 
two putative hybrid populations C. sp. nov. and C. putida-S (PPL, 12.5 and 28.9%; Hj, 0.075 
and 0.087). Re-calculation of population statistics excluding admixed individuals (PB 
dataset) revealed considerably lower levels of diversity within pure bred populations of C. 
lanceolaris, C. huttoniana, C. putida-N and C. putida-S (41.1 – 50.7% reduction in PPL and 
Hj). Diversity was highest within the relatively rare C. inopinata and lowest in C. putida-N, 
the most widespread population. Total genetic diversity (Ht) was 0.223 and 0.216 in the 
global and PB datasets, respectively. Within pure bred populations 292 markers were unique 
to one population, of these 34 were fixed (present). Fixed markers were present in all 
populations except for C. putida-N. However, two markers fixed in C. putida-N were 
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otherwise found only in the two putative hybrid populations derived from C. putida-N (Table 
5.1). Genetic differentiation between populations was strong, mean FST values calculated 
using the Bayesian method implemented by AFLPSURV were high for both data sets (global 
mean FST = 0.496, SE = 0.071; PB mean FST = 0.638, SE = 0.042). Pair wise FST between 
populations was consistently higher among pure bred populations than between populations 
with admixed individuals (Table 5.2). Similar levels of weak, but significant, isolation by 
distance were found within both C. lanceolaris (b = -0.0113 ± 0.0016), C. huttoniana (b = -
0.0093 ± 0.0019) and C. putida-N (b = -0.0104 ± 0.0014). Isolation by altitude was stronger 
in C. huttoniana (b = -0.0650 ± 0.0256) than in C. lanceolaris (b = -0.0243 ± 0.0057) and C. 
putida-N (b = -0.0295 ± 0.0073). 
 
 
Figure 5.4 PCA of ecological variables. Individuals of each population (excluding C. inopinata) are 
depicted by filled circles of the appropriate colour (see Fig. 5.1). Arrows (vectors) correspond to each 
of the analysis variables and are proportional to the component loadings. LHI Coprosma species 
occupy a continuous environmental space. Soil.H20, Soil water (ml/g of soil), Light, available light, 
Canopy, canopy cover, pH, soil pH, NE.wind, deviation of aspect of the slope from North-east, Slope, 
Gradient of the slope, Creek, distance to the nearest creek, TH, topographic heterogeneity, Coast, 
distance to the coast. 
5.4.3 Ecological variation in LHI Coprosma 
PCA was used to summarise the ecological variation observed in the LHI Coprosma; C. 
inopinata was excluded as no field data were available. The first three principal components 
(PC) accounted for 57.9% of the total variation (PC1 = 28.8%, PC2 = 17.6% and PC3 =  
108 
 
 Figure 5.5 CAP of AFLP markers and 
ecological variables. Individuals of each 
population (excluding C. inopinata) are 
depicted by filled squares of the appropriate 
colour (see Fig. 5.1) Red arrows (vectors) 
correspond to each of the analysis variables 
(dark blue text; see Fig. 5.4) and are 
proportional to the component loadings. 
Genetic variation between the clusters was 
strongly correlated with environmental 
variation.  
11.6%). Although each population predominantly occupies a specific area of environmental 
space, there is a high degree of overlap along the first and second principal components (Fig. 
5.4). Largely unaffected by soil pH, C. lanceolaris is mainly found in darker and steeper 
areas with low levels of canopy cover, often in wet soils far away from creeks and the coast. 
C. sp. nov. occupies similar environments to C. lanceolaris, although they tend to be lighter 
and more enclosed with less acidic soil. C. huttoniana has more restricted environmental 
requirements, preferring high elevation and wet, acidic soils.  The C. putida-N population is 
mainly characterised by higher soil pH (more alkaline) at lower elevations and is the only 
Coprosma to occupy this environment where there is also a lot of canopy cover and available 
light (i.e. understorey lowland mixed rainforest). C. putida-S principally occurs in 
environments that are intermediate between those preferred by C. putida-N and C. 
huttoniana; i.e. more neutral soils at the lower end of the elevational range of C. huttoniana. 
CAP analysis (Fig. 5.5) summarizes the correlations of each environmental variable with the 
principal co-ordinate axes describing genotypic variation in the sample. This analysis 
confirms that the genotypes for each species are correlated with the environmental conditions 
described by the principal components analysis (PCA). Furthermore, it shows that 
intermediate genotypes occur in transitional environmental conditions.  In particular, for 
hybrid genotypes between C. putida-N and C. huttoniana, the analysis highlights the 
importance of altitude and soil pH. Genetic differentiation of the HPP group from C. 
lanceolaris and C. sp. nov. is correlated with differences in various environmental conditions, 
chiefly available light, canopy cover, gradient of the slope and proximity to the coast and 
water courses. Although somewhat unclear in the PCA, the CAP analysis shows that there are 
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environmental differences between C. sp. nov. and C. lanceolaris - C. sp. nov. occurs on drier 
more alkaline soil types.  
Table 5.2 Pair wise, between population FST estimates calculated using 
AFLPSURV for the global data set (lower triangle) and the PB data set 
(upper triangle).  
 
C. la. C. in. C. hu. C. pu. N C. pu. S C. sp. 
C. la. - 0.604 0.651 0.686 0.703 0.680 
C. in. 0.533 - 0.601 0.632 0.614 0.616 
C. hu. 0.452 0.465 - 0.630 0.619 0.631 
C. pu. N 0.547 0.568 0.414 - 0.608 0.641 
C. pu. S 0.504 0.482 0.349 0.396 - 0.663 
C. sp. 0.588 0.594 0.477 0.541 0.498 - 
 
Ecological niche models (Fig. 5.6a-d) were created from locations of pure bred individuals 
of each Coprosma population using a cross-validation procedure. Model performance was 
assed using MAXENT‟s evaluation of the area under the ROC curve (AUC). High mean 
values of AUC were achieved for all populations (C. lanceolaris, mean test = 0.966; C. 
inopinata, mean test = 0.996; C. huttoniana, mean test = 0.968; C. putida-N, mean test = 
0.799; C. putida-S, mean test = 0.914; C. sp. nov., mean test = 0.997) indicating a good fit of 
each model to the available data. The C. inopinata model should be treated with caution due 
to the limited sample size used for model training and testing. GIS layers of soil pH, water 
and canopy cover are not available for LHI. Given the apparent importance of these variables 
in discriminating the habitats occupied by Coprosma species (see PCA/CAP) some 
inaccuracy in predictions is likely, but may be mediated by the inclusion of additional 
variables (vegetation type and geology). The lack of these data is probably the cause of the 
lower AUC values for C. putida-N. Jackknife analyses indicated that elevation alone was the 
best predictor of C. huttoniana distributions. Elevation and distance to the coast were the 
most influential variables on C. lanceolaris and C. putida-N distributions, while elevation 
and vegetation type influenced the C. putida-S model. Vegetative associations were major 
influences on the C. inopinata and C. sp. nov. distribution models, which were refined by hill 
shade and the gradient of the slope, respectively. The niche models indicate that that C. 
huttoniana is likely to be restricted to the Mt. Gower plateau, but C. lanceolaris and both C. 
putida populations were also predicted to occur there. C. inopinata, C. sp. nov. and C. putida-
S are largely physically separated in geographical space. C. putida-N is the only species that 
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has a high probability of occurring in the North of the island where the more alkaline 
calcarenite soils occur, although its distribution does heavily overlap with C_putida-S which 
is restricted to the South. 
 
 
Figure 5.6 Species distribution models (a-d) inferred from environmental data: (a) C.huttoniana in 
purple; (b) C. lanceolaris in bright blue); (c) C. putida-N in steel blue; (d) C. putida-S in orange, C. 
inopinata in red and C. sp. nov. in green. Grid cells (a-d) are coloured in shades of the appropriate 
colours to denote the probability that each species will occur at that location. Darker shades indicate 
increased probability of occurrence. (e) Sampling locations of admixed individuals and locations of 
interest, grey lines represent contour lines at 20 m intervals. 
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Table 5.3 Total numbers of loci and outlier loci correlated with each environmental variable.  
Outlier loci were detected in the global and pure bred (PB) data sets with Dfdist (DF) and 
BayeScan (BS). Loci under selection were identified in the IPS and HPP admixed populations 
using the genomic clines analysis implemented in INTROGRESS. Only clines steeper than 
expected under neutral conditions were considered. 
  
 Global  Pure bred (PB)  
  
Correlated 
with: 
All 
loci
a 
 
DF
b 
BS
c 
DF/BS
d  
DF
b 
BS
c 
DF/BS
d  
IPS
e 
HPP
e 
Canopy 9  4 7 4  3 1 1  3 1 
Soil water 23  4 5 2  4 0 0  6 4 
pH 28  2 3 2  5 1 1  1 18 
Altitude 125  6 13 4  12 1 1  11 38 
Creek dist. 3  3 3 3  1 2 1  0 0 
Coast dist. 3  1 2 1  1 1 1  1 0 
Light 73  24 19 9  6 5 3  1 5 
Slope 96  28 24 11  9 5 3  15 4 
Any variable 205  31 33 14  18 6 4  21 38 
No variables 614  17 15 2  4 0 0  14 3 
a 
number of loci from the total data set (819 loci) correlated with each variable. 
b 
number of outlier loci detected by Dfdist correlated with each variable. 
c 
number of outlier loci detected by BayeScan correlated with each variable. 
d 
number of outlier loci detected by Dfdist and BayeScan correlated with each variable. 
e 
number of loci exhibiting steeper genomic clines than expected under neutrality. 
 
5.4.4 Locus-environment correlations and outlier loci 
Two genome scan approaches were used; the first to investigate the influence of 
environmental factors on the genome and, the second to detect signatures of selection. 
Univariate logistic regression models inferred by matSAM identified 205 loci (25%; Table 
5.3) that are correlated with at least one environmental parameter at the 99.9999% level (with 
Bonferroni correction of the significance level for multiple comparisons set to 1.02 x 10
-08
). 
Overall, 80 loci were correlated with just one variable, predominantly altitude (60 loci), slope 
(15 loci) and light (5 loci). A further 101 loci were associated with two variables, mainly with 
light and slope (51 loci), and with altitude and pH (28 loci) or soil water (9 loci). For each 
pure bred population the proportion of loci (band present) that were correlated with an 
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environmental variable is detailed in Fig. 5.7. For canopy cover and proximity to the coast 
and creeks the proportions of correlated variables across loci is similar. C. lanceolaris has a 
higher proportion of loci linked to hill shade and gradient of the slope than other species. The 
pure bred population of C. huttoniana contains a large proportion of loci that are correlated 
with altitude and pH. C. putida and C. sp. nov. also possess increased proportions of 
elevation-associated loci when compared to C. lanceolaris and C. inopinata. Loci correlated 
with soil water are a more prominent feature of C. putida-N. 
 
 Figure 5.7 Bar chart illustrating the 
proportion of loci present in each 
species that are correlated with each 
environmental variable included. Loci 
correlated with soil water are more 
prevalent in C. putida-N, C. huttoniana 
contains a higher proportion of pH and 
altitude correlated loci and Light and 
slope are associated with greater 
proportions of C. lanceolaris loci. 
 
 
 
Outlier loci detection was conducted using two programs; Dfdist employs coalescent 
simulations to create a “neutral” distribution of FST values, whereas, BayeScan uses Bayesian 
computation to compare models of selection at each locus versus a model of no selection. In 
the results for both programs fewer outliers were detected in the PB data set than in the global 
data set (Table 5.3). For the global dataset 16 outliers were detected by both programs, 14 of 
which were significantly correlated with one or more environmental variables, particularly 
hill shade. Dfdist detected a greater number of outliers than BayeScan for the PB data set (22 
vs 6) and 4 were common to both analyses. Three outlier loci were detected in each data set 
by both programs (Table 5.4). No outliers under divergent selection were detected in any pair 
wise comparison. 
Genomic clines analyses were carried out on datasets comprising two parent populations 
and an admixed population (IPS and HPP data sets). In the IPS dataset genomic clines for 35 
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loci were steeper than expected under neutral expectations (Table 5.3), i.e. these loci showed 
decreased rates of introgression from that expected given the genomic background of the 
admixed individuals. Of these 14 loci were not correlated with environmental variables, 11 
loci were correlated with elevation, 6 with soil water and 3 with canopy cover. For the HPP 
dataset 41 loci possessed stepper clines than expected, only three of which were not 
correlated with any environmental variable. All of the remaining 38 loci were correlated with 
elevation and 18 of these were also correlated with variation in soil pH. 
Table 5.4 Environmental correlates and band frequencies in each pure bred population for three loci 
identified as subject to divergent selection in all analyses of the Global and PB data sets. Correlations 
were significant at the 99.9999% level. P-values reported for the G-statistic. NS, not significant. 
Environmental correlations  
Variable B11_63 B14_155 G21_154 
Canopy 5.69 x 10-11 NS NS 
pH NS NS <1.00 x 10-16 
Altitude NS NS 7.64 x 10-14 
Creek distance 1.14 x 10-11 NS NS 
Coast distance 7.37 x 10-11 NS NS 
Light 8.65 x 10-11 1.78 x 10-15 NS 
Slope <1.00 x 10-16 1.61 x 10-14 NS 
Band frequencies  
Species B11_63 B14_155 G21_154 
C. la. 0.01 0.00 0.99 
C. in. 0.00 0.00 0.00 
C. hu. 0.98 0.95 0.05 
C. pu. N 1.00 0.99 0.98 
C. pu. S 0.96 1.00 0.00 
C. sp. 0.07 1.00 0.67 
 
 
5.5 DISCUSSION 
The analyses presented here address a number of important aspects regarding the LHI 
Coprosma radiation. The pattern of speciation in this case is significantly more complex than 
in Metrosideros and Howea due to the larger number of species involved, the interplay 
between ecological and environmental preferences of the species and because speciation has 
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occurred via two separate mechanisms; speciation with gene flow and homoploid hybrid 
speciation, both of which require divergent natural selection to allow differentiation of the 
species (Schluter 2000, 2001; Kirkpatrick & Ravigné 2002; Coyne & Orr 2004; McKinnon et 
al. 2004; Rundle & Nosil 2005; Mallet 2007; Rieseberg & Willis 2007). 
The two most striking results from this study were the prevalence of hybridisation between 
the species - considerably more frequent than in either Howea (Babik et al. 2009) or 
Metrosideros (Chapter 4) on LHI - and the existence of two distinct hybrid lineages. This 
raises the question of how many “real” species have evolved during this radiation. Although 
STRUCTURE analyses with K = 3 received the most support, this may be a reflection of the 
high rates of hybridisation between C. inopinata and C. huttoniana and due to the hybrid 
origins of C. sp. nov. and C. putida-S. PCO, NJ analyses and the increase in ΔK for the 
STRUCTURE analysis at K = 6 all suggest that there are six distinct genetic clusters of 
Coprosma on LHI. Furthermore, the pure bred individuals of each population contain unique 
polymorphisms and, more importantly, unique fixed markers (except C. putida-N). Whether 
these loci are adaptive or not, they reflect genetic isolation and cohesiveness of each 
population. Hybridisation between the populations may be widespread but has not lead to the 
breakdown of population boundaries and their amalgamation into a single hybrid swarm. 
Genetic differentiation between the groups is strong when admixed individuals are included 
in the analysis (with mean higher FST values than those observed in both Howea and 
Metrosideros), while estimates of genetic differentiation between pure bred populations is 
very strong (mean FST = 0.638). Although hybridisation between the lineages suggests 
reproductive isolation is not complete, based on the genetic data presented, I propose that 
each of the genetic clusters is sufficiently isolated to constitute a distinct species (de Queiroz 
2007; Nolte & Tautz 2010). Indeed, the lack of complete intrinsic or premating barriers to 
reproduction (allowing hybridisation) indicates that extrinsic factors (i.e. selection against 
migrants and hybrids) are likely to be important in maintaining species boundaries and may 
have played a significant role in the initial divergence of the species (Rice 1987; Coyne & 
Orr 2004; Rundle & Nosil 2005).  
The phylogenetic inferences in Chapter 2 indicated that C. lanceolaris was the earliest to 
diverge in the LHI Coprosma radiation, followed by C. inopinata, C. huttoniana and finally 
C. putida and C. sp. nov. The decreasing number of unique and fixed AFLP markers in pure 
bred populations of C. lanceolaris, C. inopinata, C. huttoniana and C. putida-N supports this 
hypothesis; i.e. the increasing time since the onset of isolation has permitted a greater number 
of unique mutations to accumulate within the older species. Rooting the NJ phylogram 
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(generated from AFLP markers for this study) with the monophyletic C. lanceolaris produces 
a phylogram that is broadly congruent with that of the original study, supporting the notion of 
incremental speciation with gene flow of the first four species. Only admixed individuals and 
the newly discovered C. putida-S population produce disagreement between the trees.  
Genetic diversity within the pure bred populations is generally low as might be expected 
in populations that have passed through a bottleneck (Nei et al. 1975) or undergone  adaptive 
divergence in a small finite population (Harrison 1991). Evidence for weak isolation by 
distance (Rousset 1997; Hardy 2003) in C. lanceolaris, C. huttoniana and C. putida-N further 
demonstrates that in wind pollinated organisms on the island, relatedness of individuals is 
weakly affected by distance (Chapter 2; Babik et al. 2009). As was discovered upon closer 
examination of Metrosideros and Howea speciation on the island, the divergences of C. 
lanceolaris, C. inopinata, C. huttoniana and C. putida-N are unlikely to have taken place 
with initial panmixia. As such, while these cases can be construed as sympatric speciation in 
a biogeographic context (Chapter 2; Coyne & Orr 2004; Mallet et al. 2009), under population 
genetic definitions these events would be considered as parapatric speciation (Fitzpatrick et 
al. 2008, 2009). Isolation by altitude was also evident in these species, although it was 
weaker than that observed in LHI Metrosideros species (Chapter 4). The lack of population 
structure within the species suggests that neither isolation by altitude (linked to flowering 
time variation) nor isolation by geographic distance were sufficient to lead to speciation of 
Coprosma on LHI without the influence of some other factor. Flowering time differences 
between the species almost certainly form an important part of current reproductive isolation, 
limiting the frequency of hybridisation, nevertheless, it seems unlikely that this instigated 
speciation and is probably a consequence rather than a cause of the speciation process.  
The combination of PCA, CAP and ecological niche models demonstrate that each of the 
LHI Coprosma occur under distinct environmental/ecological conditions. Although the data 
for the endangered C. inopinata is scarce, the modelled distribution includes areas that are 
similar to the few known localities for C. inopinata. The niches of these species are 
characterised by a complex interplay of many variables. Common factors of importance in 
determining each species occurrence were soil characteristics (pH, and water content), 
elevation, gradient of the slope, available light, canopy cover and vegetative associations. The 
subtle, multifarious nature of the species habitat differences may, in part, explain why so 
many species of Coprosma have been able to evolve in close proximity (Nosil et al. 2009b). 
Admixed individuals, and the hybrid species, commonly occur in geographically and 
environmentally intermediate regions between those of the parent populations (Fig 5.6e). The 
116 
 
absence of admixed specimens from the principal habitats of each species also points to a role 
for selection against hybrids during speciation with gene flow events in LHI Coprosma.  
C. putida-N is the only species to have colonised the drier, geologically variable north of 
the island. As in Howea forsteriana, the divergence of C. putida-N in the last 2.08 million 
years, coincides with uplift of calcarenite soils onto LHI. Adaptation to lower elevations and 
higher pH soils may have been instrumental in the divergence of this species, permitting the 
subsequent hybrid speciation of C. sp. nov. and C. putida-S. As the distribution models are 
predictive, comparison of the estimated niches with knowledge of species‟ absence in 
specific areas allows inference of evolutionary scenarios (Anderson et al. 2002; Kozak et al. 
2008). Niche models indicate that pure bred individuals of three species (C. inopinata, C. 
huttoniana and C. sp. nov.) are spatially distinct from each other; a good indication that 
habitat isolation maintains the species boundaries (Rice 1987). The greater overlap in 
distributions of C. putida-N and C. putida-S may reflect fine scale habitat differences not 
detected here or adaptation to a niche that is discrete functionally, but not spatially. The 
models also predict that environmental conditions on the Mt. Gower plateau are suitable for 
four of the species (C. lanceolaris, C. huttoniana, C. putida-N and C. putida-S). This could 
be interpreted as a failure of the model due to the exclusion of important predictor variables 
in species distributions (e.g. soil pH), nevertheless, all four species do occur on the plateau, 
so climatic conditions there can support these species. It is important to note that C. 
lanceolaris, C. putida-N and C. Putida-S) have only been observed at disturbed sites on the 
mountain top; at the lookout point and the location of a recent lightning strike that cleared a 
small area of forest (Fig. 5.6e). Elsewhere on the plateau these species are absent and only C. 
huttoniana occurs, given the good fit of the models, this is a clear indication that the other 
species are competitively excluded from this environment (Anderson et al. 2002). These data 
point to a restriction in migration between populations and reduced fitness of hybrids and 
migrants in habitats dominated by pure bred, locally adapted individuals. In this respect, it is 
possible that inter- and infra-specific competition have acted during speciation (Johansson & 
Ripa 2006).  
The complexity of the species‟ niches is reflected in the large number genetic correlations 
with various environmental variables detected using matSAM. Potential genetic adaptations 
to species‟ environments are highlighted by the increased proportion of loci associated with 
soil water in C. putida-N, pH and altitude in C. huttoniana, and light and gradient of the slope 
in C. lanceolaris (Fig. 5.7). Overall this analysis shows that the ecological and environmental 
differences between the species have strong genetic component, a fundamental aspect 
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required for ecologically driven speciation with gene flow (Schluter 2000, 2001; Kirkpatrick 
& Ravigné 2002; McKinnon et al. 2004; Rundle & Nosil 2005). High levels of genetic 
differentiation between the species severely hampered the detection of outlier loci in the pair 
wise comparisons. This does not mean that selection has not had an impact on the species 
genomes, rather the level of differentiation and times since divergence masks the signal in 
pair wise comparisons (Caballero et al. 2008; Thibert-Plante & Hendry 2010). The global 
analysis on the other hand, detected a number of outliers using both methods; for many of 
which presence or absence was correlated with environmental variation. This demonstrates 
that divergent selection has shaped the genomic architecture of these species. Three loci that 
were common to all analyses of the global and PB data sets are highly likely to have been 
subjected to (or linked to regions subjected to) divergent selection (Table 5.4). Interestingly 
the current frequencies of these markers suggest they have been involved in older divergence 
events. B11_63 and B14_15 may have played a role in the divergence of the ancestor of C. 
huttoniana and C. putida-N from C. lanceolaris and C. inopinata. The loss of the dominant 
allele at locus G21_154, occurred during the split of C. lanceolaris from C. inopinata and C. 
huttoniana probably in response to the increase in elevation and lower soil pH. This locus (or 
a gene linked to it) may have been fundamental to the divergence of C. putida-N as it has 
become almost fixed in this species. This marker was probably driven to fixation by a 
selective sweep after persisting at low frequency in C. huttoniana (i.e. from standing genetic 
variation), although it is possible that it was co-opted into the C. putida-N genome after 
hybridization with C. lanceolaris.  
The existence of hybrid species offered the opportunity to investigate patterns of 
introgression across the genome and identify loci that may demonstrate reduced rates of 
introgression than expected under neutrality (Gompert & Buerkle 2009; Gompert & Buerkle 
2010). The genomic clines analysis can be interpreted in two ways: (i) decreased 
introgression at certain loci is because their presence or absence confers an adaptive 
advantage to the admixed population or (ii) these loci are involved in intrinsic genetic 
incompatibilities between the parent populations or their combination with other loci 
decrease the fitness of hybrids and so are not introgressed back into parent populations. 
Discriminating between these possibilities would require reciprocal transplant and controlled 
crossing experiments. Without a linkage map it is also unclear the degree to which loci 
showing aberrant levels of introgression are linked, however, a large proportion of the 
detected loci are correlated with environmental variables. In the hybrid species, decreased 
introgression at these loci was probably the product of colonisation of, and selection in, new 
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habitats. In combination, the outlier loci detected by FST based outlier methods and the newer 
genomic clines method, provide genetic evidence for environmentally based divergent 
selection. In a wider context, Coprosma species are known to hybridise readily and occupy a 
wide range of habitats, particularly in New Zealand (Wichman et al. 2002). Investigation of 
hybrid zones and genomic signatures of selection in other Coprosma species, as well as 
identification of the genes detected in the current study may reveal important 
adaptive/speciation genes in this group. 
 
5.6 CONCLUSION 
This study incorporated ecological and genetic techniques to characterise speciation during 
the radiation of Coprosma species on LHI. The data presented here reveal two phases of 
speciation during the in situ radiation of Coprosma species on LHI. After initial colonisation 
by a single ancestral species, the lineage split despite ongoing gene flow between descendant 
populations (i.e. speciation with gene flow) and gave rise to C. lanceolaris, C. inopinata, C. 
huttoniana and C. putida-N. Following the evolution of C. putida-N, hybridisation with other 
species (C. inopinata and C. huttoniana) has led to the emergence of two distinct hybrid 
lineages C. sp. nov. and C. putida-N. To my knowledge, this is the first reported incidence in 
which species have diverged in the face of gene flow and subsequently crossed to generate 
additional, discrete lineages through homoploid hybrid speciation. This provides support for 
the “syngameon hypothesis” that hybridisation following speciation is an important feature of 
adaptive radiations (Schliewen & Klee 2004; Seehausen 2004). I present evidence that 
ecologically driven, divergent natural selection has played an important role in speciation and 
has influenced the spatial distribution and genetic differentiation of these species. Temporal 
and spatial isolation may have facilitated divergence, but are not sufficiently strong to have 
driven divergence without natural selection. Despite rampant hybridisation between species, 
boundaries between them have evolved and been maintained, probably as a result of 
competitive exclusion and selection against migrants and hybrids. This system presents 
opportunities for future investigation of the genes and traits involved in ecological adaptation, 
the role of competitive interactions in speciation and the interaction of ecologically driven 
speciation with gene flow and homoploid hybrid speciation during adaptive radiations. 
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Chapter 6 General Discussion 
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6.1 SYNOPSIS 
The main aim of this project was to contribute to scientific understanding of how speciation 
with gene flow has helped to shaped current patterns of biodiversity. Previously, the Howea 
palms of LHI have been shown to have speciated in sympatry and the plan behind the current 
research project was to understand whether this work could be generalised and used to 
quantify the frequency of sympatric speciation. This project examined how speciation has 
contributed to the composition of the LHI flora and, in particular, I searched for new cases of 
speciation with gene flow and explored the potential mechanisms and isolating barriers that 
allow this type of speciation to take place in a natural system. Initially, phylogenetic 
reconstructions, molecular dating and floristic analyses were used to estimate the proportion 
of species on LHI that have evolved via sympatric and allopatric speciation. For species 
involved in these potential sympatric speciation events, chromosome counts were used to 
identify speciation with gene flow events for further study. Fine scale population genetic and 
ecological data were collected and analysed for Metrosideros and Coprosma to determine 
whether divergent natural selection may have driven speciation in these groups. The 
interaction between dispersal and speciation was also assessed using biogeographic and 
ecological information for the LHI flora. The results generated from each set of analyses were 
discussed in detail in Chapters 2 to 5. Below I present a summary of the main findings 
regarding the biology of LHI and speciation events that have taken place on the island. I also 
discuss conservation implications of this data and consider future avenues of research. 
6.1.1 Patterns of speciation on LHI 
The phylogenetic analysis carried out in Chapter 2 enabled the first estimates of the relative 
frequency of allopatric and sympatric speciation in a community of island plants. Speciation 
has not followed colonisation for more than half of the species that have successfully 
established on the island. As may be expected from the theory of island biogeography 
(MacArthur & Wilson 1967), many of these species are likely to have dispersed from 
Australia or via dispersal mechanisms that are not heavily constrained by dispersal limitation 
(hydrochory and epizoochory; Chapter3). However because of the large distances involved (> 
580km), regular colonisation of LHI by the same plant is unlikely to occur sufficiently 
frequently to prevent speciation. The lack of speciation in these groups may be because there 
is no ecological imperative for them to diverge from their parent population or they may not 
have the adaptive potential to do so. Indeed there is some evidence of niche conservatism in 
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colonising species; non-endemic coastal species that disperse seeds by water are restricted to 
coastal areas on LHI (32 species) and species likely to have arrived from Norfolk Island 
(maximum elevation 319 m) are constrained to below 700 meters on LHI. 
Allopatric speciation has made a significant contribution to the composition of species on 
LHI. I have estimated that at least 25% of all species and 80-90% of endemic species have 
arisen through allopatric divergence. This estimate is largely derived from the number of 
endemic species that are not accompanied by a congeneric species on LHI. Consequently, it 
is possible that the ancestors of these populations colonised the island and subsequently 
became locally extinct in the rest of their range. Intuitively, it seems unlikely that this 
scenario has occurred frequently, however, without fossil evidence it is not possible to 
quantify. 
Although sympatric speciation (in the biogeographic sense) accounts for a much smaller 
number of species than either colonisation without speciation or allopatric speciation, it has 
occurred more frequently than might have been expected (Coyne & Price 2000; Losos & 
Schluter 2000; Coyne & Orr 2004; Phillimore et al. 2008; Kisel & Barraclough 2010). In 
plants, sympatric speciation through polyploidisation is thought to occur regularly (Otto & 
Whitton 2000; Wood et al. 2009) and, indeed, this may explain many of the sister species 
relationships discovered on the island for which there is no available data regarding ploidy 
levels. In this study, chromosome counts were conducted for Metrosideros and Coprosma 
species and it was determined that the evolution of these species had not involved recent 
polyploidisation. This led to the conclusion that these species had diverged in sympatry 
despite ongoing gene flow between the emergent populations. The most significant finding of 
this study was that speciation with gene flow had not just occurred once on the island (in the 
Howea palms; Savolainen et al. 2006a), but six times (Chapter 2). Evidence for this kind of 
speciation is rare and it has never before been documented multiple times in a single location. 
Studies of other taxonomic groups (birds and Anolis lizards; Coyne & Price 2000; Losos & 
Schluter 2000; Phillimore et al. 2008) suggest that speciation in the face of strong gene flow 
is infrequent and this raises the possibility that its relative frequency on LHI may reflect that 
it is a peculiar feature of the island or the groups in which it was documented.  
Speciation events in Howea, Coprosma and Metrosideros can be considered as sympatric 
in the biogeographic sense (Mallet et al. 2009), but it has become amply clear through 
analysis of molecular genetic data (Chapters 4 and 5) that none of these speciation events 
would qualify as sympatric speciation under population genetic definitions and would be 
called parapatric instead. It is less clear, however, whether any speciation event can be 
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proven to qualify as sympatric speciation when population genetic definitions are applied to 
real world circumstances. These definitions may be useful, and productive, in improving our 
understanding of speciation through modelling and micro-evolutionary approaches, but they 
do not explicitly recognise the importance of geographic separation as a barrier to 
reproduction and as a result, cannot distinguish between eco-geographic and physical 
geographic isolation. It also remains to be seen how they can be integrated into macro-
evolutionary studies of speciation. 
In Metrosideros and Coprosma on LHI, the flowering periods of the species are partially 
non-overlapping, there is some elevational segregation of the populations, and within a 
species the individuals from lower elevations flower earlier in the season. From this 
information I hypothesised that adaptation to environments at different altitudes may have 
been accompanied by flowering time shifts and that speciation with gene flow may have been 
facilitated by selection against immigrants and hybrids, two possible sources of reproductive 
isolation (Chapter 2). Plants often exhibit adaptation to elevational gradients and display 
corresponding changes in flowering period; so this process is potentially a common feature of 
plant evolution. Further evidence that this process may occur elsewhere was derived from age 
range correlations calculated for Metrosideros and Coprosma. However, these methods are 
thought to be unreliable, particularly at the scale used in this study (Fitzpatrick & Turelli 
2006). 
6.1.2 Biogeographic relationships and colonisation of LHI 
Investigations by previous researchers considering the origins of the LHI flora have provided 
slightly conflicting views. Van Balgooy (1971) conducted a generic level floristic analysis for 
biogeographic regions in the Pacific and suggested that the island had no particularly strong 
affinities with any of the surrounding regions but is closest to Norfolk Island, while Green 
(1994) decided that the LHI flora is more similar to that of New Zealand, New Caledonia and 
Norfolk Island than to that of Australia. The analyses performed in Chapter 3 contradict these 
points of view, demonstrating that Australia has probably been the source for the majority of 
species on LHI. On the surface of it, it is difficult to understand why the findings of these 
authors differ so drastically from my own; however, there are a number of possible 
explanations for this discrepancy. The floristic analyses of van Balgooy (1971) used genera 
as the basic unit and focused on relationships of all the regions of the Pacific rather than just 
those of LHI. His analysis used a coefficient that takes into account the size of both floras, so 
it is unsurprising that he found that the smallest region, which has made a significant 
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contribution to the LHI flora (i.e. Norfolk Island) is the most similar. There is currently more 
available data regarding phylogenetic relationships of LHI plants and distributions of non-
endemic species and the lack of these data may have affected their conclusions. Chapter 3 
shows that the contribution of the nearest regions varies at different elevations. My own 
suspicion is that this variation has affected visitors‟ opinions about the flora‟s origin; it is 
easy to focus on the greater diversity of habitats in the southern mountains and their 
similarity to New Zealand plants, which may explain why Australia was rejected as the 
greatest source region. 
Species richness decreases with increasing elevation on LHI, probably as a result of the 
species-area relationship. Controlling for the decrease in available space that is tied to 
increasing altitude may reveal that species richness at higher elevations is actually relatively 
high compared to lower elevations. Data regarding the elevational distributions of the 
remaining species would allow confirmation that this relationship follows the empirical 
power law of MacArthur &Wilson (1967). This pattern does not hold when focusing solely 
on endemic species, as species richness of endemics remains fairly stable, resulting in a 
proportional increase in endemism at higher altitudes. The results of Chapter 3 show that 
niche conservatism, distance to source regions and the dispersal mechanisms involved in 
long-distance dispersal are important aspects controlling colonisation of LHI. Similarity 
between the cooler environments found above 500 meters on LHI and in New Zealand, as 
well as the isolation of LHI from this region have had a considerable impact on speciation on 
LHI, but the relationship between these factors and the frequency of sympatric speciation and 
speciation with gene flow remain unclear, as the sample size is too small to draw concrete 
conclusions. Nevertheless, this study affirms some predictions made by the theory of island 
biogeography (MacArthur & Wilson 1963, 1967; Johnson et al. 2000; Chen & He 2009) and 
the efficacy of different dispersal mechanisms over increasing distances (Carlquist 1967, 
1974; Nathan et al. 2008).  
6.1.3 Ecological speciation on LHI 
Having identified several potential speciation with gene flow events in Chapter 2, the 
opportunity arose to investigate some of these cases in greater detail in Chapters 4 and 5. 
Using population genetic and ecological approaches I investigated the genetic and ecological 
divergence of Metrosideros and Coprosma species, potential reproductive isolating barriers 
between the species and whether ecologically driven divergent natural selection may have 
promoted speciation in these groups on LHI. 
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Although current levels of gene flow are low and hybridisation between the species is 
apparently rare in Metrosideros, the data presented in Chapter 4 generally supports the 
hypothesis that these species diverged on the island despite strong ongoing gene flow. In 
Coprosma, unravelling the circumstances under which speciation has occurred was 
complicated because multiple species evolved on the island. The data indicate that four of the 
Coprosma species included in Chapter 2 (C. lanceolaris, C. inopinata, C. huttoniana and C. 
putida-A) have evolved as a result of speciation with gene flow events. However, Coprosma 
sp. nov and the newly identified C. putida-S are almost certainly the products of homoploid 
hybrid speciation (Mallet 2007; Rieseberg & Willis 2007; Nolte & Tautz 2010). Even for the 
strongest detractors of the Howea palms as products of sympatric speciation (Stuessy 2006), 
it is difficult to see how one might argue that these two hybrid Coprosma species have 
evolved in allopatry (Coyne & Orr 2004). These new data can be used to revise the 
contributions of different speciation modes determined in Chapter 2; sympatric speciation 
and speciation with gene flow, at least 5.0% and 3.3% of species respectively. The Coprosma 
data presented here provide the first evidence for the syngameon hypothesis for adaptive 
radiations, that is that early in a radiation, speciation with gene flow and hybridisation both 
contribute to the generation of new adaptive genotypes and phenotypes allowing 
diversification of the lineage (Seehausen 2004). Increased diversification rates have been 
considered a prerequisite for demonstrating adaptive radiations (Schluter 2000) and this is not 
seen in the LHI Coprosma radiation (Chapter 2). However, this notion has been challenged, 
especially when observing the beginnings of an adaptive radiation, as may be occurring on 
LHI (Yoder et al. 2010). 
Genome scan methods (Beaumont & Balding 2004; Foll & Gaggiotti 2008; Gompert & 
Buerkle 2009) were used to search for signatures of divergent natural selection in both 
Metrosideros and Coprosma. As in Howea (Savolainen et al. 2006a), a number of loci were 
detected as outliers in both groups, suggesting that they have been subject to divergent 
natural selection (Chapter 4 and 5). Furthermore, these loci tended to be correlated with 
environmental variables that determine the niches of these species. The data collected here 
also indicate that selection against migrants and hybrids, particularly through competitive 
exclusion is likely to be a major component of reproductive isolation.  Despite a small effect 
of elevation on isolation within species, elevational variation in flowering time is unlikely to 
have initiated speciation in either Metrosideros or Coprosma. Overall, it is reasonable to 
conclude that these species have diverged through ecological speciation in which divergent 
selection has driven the divergence and reproductive isolation of these species. To prove this 
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conclusively would require further quantification of pre-mating isolation and post-mating 
isolation - both pre-zygotic and post-zygotic, assessments of fitness differences between 
species and their hybrids in controlled and natural environments, and identification of the 
genes responsible for reproductive isolation and ecological adaptation (see section 6.3 for 
potential avenues of research in this respect). 
6.1.4 LHI as a system for speciation research 
LHI has been presented as an ideal location to search for sympatric speciation (this study and 
Savolainen et al. 2006a) and is probably one of the few places on the planet where the 
occurrence of sister species can be taken as evidence that speciation has occurred in a very 
restricted area (Barluenga et al. 2006; Savolainen et al. 2006a; Savolainen et al. 2006b; 
Babik et al. 2009; Wolinsky 2010). There is a general acceptance that this is the case 
(Wolinsky 2010), however, not all researchers agree (Stuessy 2006). Savolainen et al. 
demonstrated that the Howea palms fulfilled all of Coyne and Orr‟s (2004) criteria for 
sympatric speciation. The main opposition to the Howea case, and to LHI as a model system, 
have centred around arguments that isolation of LHI does not rule out double colonisation - 
so sister species relationships are not an indication of in situ speciation - and that the island 
would have been larger in the past, making allopatric separation of populations possible. To 
address this, some of Chapter 2 was devoted to discussing the potential pitfalls of the 
approach taken here, to provide analyses to support the initial findings of Savolainen et al. 
(2006) and to confirm that LHI is, indeed, an excellent opportunity to quantify sympatric 
speciation and speciation with gene flow in an entire community. The data presented here 
show that double colonisation by close relatives is very unlikely and that allopatric 
divergence of wind dispersed plants within the island is not really feasible as proposed by 
Savolainen et al. (2006). These results further substantiate the usefulness of LHI as a model 
system. Nevertheless, the issue of allopatry cannot be completely ruled out as a possibility, 
and extinction and hybridisation remain potential problems - as for any phylogenetic study. It 
is clear, though, that there are very few scenarios that can come close to the LHI setting in 
ruling out allopatric speciation of endemic sister species.  
 
6.2 CONSERVATION IMPLICATIONS 
The diversity of LHI flora and fauna is unique and the area has been designated as a World 
Heritage Site by UNESCO. The data I have gathered throughout this thesis provide further 
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scientific evidence to support the continued management and protection of the island‟s 
ecosystems, as laid out in the LHI Biodiversity Management Plan (Department of 
Environment and Climate Change NSW 2007; Brown & Bake 2009). Nowhere else in the 
world has been shown to harbour so many species derived through sympatric speciation, 
speciation in the face of strong gene flow and ecologically driven divergent selection; the 
protection of the island allows these events to be researched in a way that is not possible 
elsewhere. The in situ speciation events that have occurred on LHI, and the evolutionary 
potential for further speciation, should be recognised in conservation considerations and, if 
possible, incorporated into management planning and human interventions for conservation 
purposes. Invasive weeds are predicted to have a major impact on the biodiversity in the 
southern mountains - the area in which the focal species in this study are located (Auld & 
Hutton 2004; Department of Environment and Climate Change 2007). Crofton weed 
(Ageratina adenophora), cherry guava (Psidium cattlianum var. cattleianum) and Lilium 
formosanum have been identified as major threats to the flora in these areas and these 
represent a direct threat to the persistence of Coprosma inopinata and C. sp. nov in particular 
(Department of Environment and Climate Change NSW 2007). These invasive species spread 
rapidly, and, in the case of the tiger lily and crofton weed, form monotypic stands reducing 
the potential for further speciation in the endemic groups. Although the impact on future 
speciation is impossible to quantify, the potential for introduced species to disrupt the 
adaptive radiation process seen in Coprosma is considerable. By threatening the diversity of 
the mountains these invasive plants may irrevocably damage the habitats found there, many 
of which cover very small land areas and contain proportionally high numbers of endemic 
species. As a result, I would suggest that the weeding efforts, which have already begun to 
produce significant reductions in cherry guava and ground asparagus (Asparagus aethiopicus) 
populations, should focus on the mountainous areas of the island. Of course this must be 
considered in light of conservation and management efforts for other species and habitats 
(Auld & Hutton 2004: Department of Environment and Climate Change 2007; Brown & 
Bake 2009). The GIS layers generated for the current study could be used to create predictive 
species distribution models for invasive plants and allow sites liable to invasion to be 
identified and monitored. 
There does not appear to be a deficiency of genetic diversity in the Coprosma and 
Metrosideros species studied (Chapter 4 and 5). Given that they have probably been through 
at least one severe bottleneck after colonisation, these plants are likely to be robust to the 
detrimental effects of inbreeding (Hedrick 1994). Aside from preserving the habitats of these 
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species there do not appear to be any areas of particularly high diversity (or unique 
populations) within the species that should be the focus of preservation. Efforts to carry out 
ex situ conservation and seed banking of these plants are worthwhile. If they are lost to 
extinction in the wild, the genetic diversity contained in a small number of individuals might 
be sufficient to re-populate the island. 
Some cautious proposals have been made to introduce close relatives of those species that 
have become extinct on the island (Hutton et al. 2007). This may be feasible for some bird 
species, but further introduction of exotic plants species, especially in light on the current 
impact of invasive, has unpredictable consequences for the islands biota and particularly for 
future speciation on LHI. 
  
6.3 FUTURE DIRECTIONS 
A number of potential areas of research stem from this study. Further sampling of the less 
complete phylogenies in Chapter 2 and chromosome counts for the other potential products 
of sympatric speciation would provide more certainty around the exact proportions of species 
derived through the different speciation modes. Extension of this approach to other groups on 
LHI (e.g. invertebrates) or to other isolated islands (e.g. Cocos Island or Tristan de Cunha) 
would provide an indication about the generality of sympatric speciation in a wider context. 
Simple crossing experiments of Metrosideros and Coprosma species would provide 
insight into the degree of intrinsic reproductive isolation. Reciprocal transplant experiments 
and controlled common garden experiments (including hybrid individuals) would provide 
substantial insight into the reproductive barriers involved in speciation. Detailed phenological 
measurements in the field, as well as collection of fitness components (e.g. seed set and stem 
diameter at breast height; DBH) for pure bred and hybrid individuals (particularly in 
Coprosma) in different environments, would provide a great deal of insight into how 
ecological selection can drive speciation. Direct sequencing of the outlier loci detected in this 
study and blasting the results against genomic resources may also uncover the genes that are 
involved in ecological adaptation and speciation in Coprosma and Metrosideros. Next 
generation sequencing and creation of whole genome sequences for these species would 
provide excellent resources for investigating the genetic basis of the divergence of these 
species, detection of signatures of selection and identification of speciation genes, both for 
the LHI endemics and for speciation events that have occurred in other regions (e.g. 
Metrosideros in Hawaii and New Caledonia and Coprosma species in New Zealand). 
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6.4 CONCLUSION 
The flora of LHI is the product of a complex interplay between dispersal, extinction and 
speciation, both allopatric and sympatric. Speciation in the face of strong ongoing gene flow 
has made a significant contribution to the composition of the LHI flora, much greater than 
expected from previous studies of other organisms. These findings support the increasing 
scientific recognition that speciation with gene flow is possible, by demonstrating that it has 
occurred in multiple lineages in a very small geographic area. Evidence that ecologically 
driven divergent natural selection has played a role in some speciation events, probably 
through selection against hybrids and competitive exclusion, contributes to the growing body 
of evidence supporting divergent selection as a major force in the evolution of natural 
systems and the generation of biodiversity. Together, the newly identified speciation events 
in Coprosma and Metrosideros and speciation in the Howea palms of LHI demonstrate that 
speciation in the face of strong gene flow is an important process in the evolution of new 
species. Future investigations of these events, both individually and in relation to each other, 
promise to advance our perceptions of speciation on isolated islands.  
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Table S1.1 Vegetative asscociations of Pickard (1983) 
Symbol 
(Fig1.3) 
Association Alliance Subformation Formation 
DaCt 
Drypetes australasica - Cryptocarya 
triplinervis 
Drypetes - Cryptocarya Rainforest Closed Forest 
DaCtX 
Drypetes australasica - Cryptocarya 
triplinervis (exposed variant) 
Drypetes - Cryptocarya Rainforest Closed Forest 
DaCtC 
Drypetes australasica - Cryptocarya 
triplinervis (calcarenite variant) 
Drypetes - Cryptocarya Rainforest Closed Forest 
Cf Cleistocalyx fullageri Cleistocalyx - Chionanthus Rainforest Closed Forest 
Cq Chionanthus quadristamineus Cleistocalyx - Chionanthus Rainforest Closed Forest 
LM Lowland Mixed Forest Cleistocalyx - Chionanthus Rainforest Closed Forest 
Cg Cryptocarya gregsonii Cryptocarya gregsonii Rainforest Closed Forest 
Lp Lagunaria patersonia Lagunaria Broad Orthophyll Sclerophyll Forest Closed Forest 
Hf Howea forsterana Howea Megaphyllous Broad Sclerophyll Forest Closed Forest 
Hb Howea belmoreana Howea Megaphyllous Broad Sclerophyll Forest Closed Forest 
Hc Hedyscepe canterburyana Hedyscepe Megaphyllous Broad Sclerophyll Forest Closed Forest 
Pf Padanus forsteri Padanus Megaphyllous Broad Sclerophyll Forest Closed Forest 
BhDf 
Bubbia howeana - dracophyllum 
fitzgeraldii 
Bubbia-Dracophyllum Gnarled Mossy Forest Closed Forest 
BcMep 
Boehmaria calcophleba - Macropiper 
excelsum 
Boehmeria - Macropiper Broad Orthophyll Scrub Closed Scrub 
Ac Aegiceras corniculatum Aegiceras Broad Sclerpophyll Swamp Scrub Closed Scrub 
Mh Melaleuca howeana Melaleuca - Cassinia Narrow Sclerophyll Scrub Closed Scrub 
Ca Cassinia tenuifolia Melaleuca - Cassinia Narrow Sclerophyll Scrub Closed Scrub 
Dv Dodonaea viscosa Dodonaea Broad Sclerophyll Scrub Closed Scrub 
DfMn 
Dracophyllum fitzgeraldii - Metrosideros 
nervulosa 
Dracophyllum - Metrosideros Broad Sclerophyll Scrub Closed Scrub 
Ax Atriplex cinerea Atriplex Orthophyll Dwarf Scrub Dwarf Scrub 
Ama Avicennia marina var. australasica Avicennia Broad Sclerophyll Swamp Scrub Open Scrub 
IcCg 
Ipomoea cairica - Carpobrotus 
glaucescens 
Ipomoea - Carpbrotus Broad-leafed Herb Vegetation 
Broad-leafed Herb 
Vegetation 
MFH Mixed Fern & Herb Mixed Fern & Herb Broad-leafed Herb Vegetation 
Broad-leafed Herb 
Vegetation 
Cl Cyperus lucidus Cyperus Sclerophyll Tall Grass Tall grass 
Pp Poa poiformis Poa Orthophyll Short Grass Short Grass 
MFH/Mh Mixed Fern & Herb/Melaleuca howeana Mixed Fern & Herb/Melaleuca - Cassinia 
Broad-leafed Herb Vegetation/Narrow 
Sclerophyll Scrub 
Broad-leafed Herb 
Vegetation/Closed Scrub 
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Hf-Cq 
Howea forsterana/Chionanthus 
quadristamineus 
Howea/Cleistocalyx - Chionanthus 
Megaphyllous Broad Sclerophyll 
Forest/Rainforest 
Closed Forest 
Cq-Hb 
Chionanthus quadristamineus/Howea 
belmoreana 
Cleistocalyx - Chionanthus/Howea 
Rainforest/Megaphyllous Broad 
Sclerophyll Forest 
Closed Forest 
DfMn-
DaCt 
Drypetes australasica - Cryptocarya 
triplinervis (exposed variant) 
Dracophyllum - Metrosideros/Drypetes - 
Cryptocarya 
Broad Sclerophyll Scrub/Rainforest 
Closed Scrub/Closed 
Forest 
Ca-Pp Cassinia tenuifolia/Poa poiformis Melaleuca - Cassinia/Poa 
Narrow Sclerophyll Scrub/Orthophyll Short 
Grass 
Closed Scrub/Short 
Grass 
Ca-Mh Cassinia tenuifolia/Melaleuca howeana Melaleuca - Cassinia Narrow Sclerophyll Scrub Closed Scrub 
Hc-
BcMep 
Hedyscepe canterburyana/Boehmaria 
calcophleba - Macropiper excelsum 
Hedyscepe/Boehmeria - Macropiper Megaphyllous Broad Sclerophyll 
Forest/Broad Orthophyll Scrub 
Closed Forest/Closed 
Scrub 
Hf-Hb Howea forsterana/Howea belmoreana Howea 
Megaphyllous Broad Sclerophyll 
Forest/Rainforest 
Closed Forest 
DfMn Lm-
DaCt 
Dracophyllum fitzgeraldii - Metrosideros 
nervulosa/Lowland Mixed Forest/Drypetes 
australasica - Cryptocarya triplinervis 
Dracophyllum - 
Metrosideros/Cleistocalyx - 
Chionanthus/Drypetes - Cryptocarya 
Broad Sclerophyll Scrub/Rainforest 
Closed Scrub/Closed 
Forest 
Untyped Untyped Untyped Untyped Untyped 
Cliffs Cliffs Cliffs Cliffs Physiographic Units 
CSB Coral sand and beach Coral sand and beach Coral sand and beach Physiographic Units 
BBB Basalt boulder beach Basalt boulder beach Basalt boulder beach Physiographic Units 
C/CBB Calcarenite/coral boulder beach Calcarenite/coral boulder beach Calcarenite/coral boulder beach Physiographic Units 
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Figure S2.1 Final Bayesian phylogenetic reconstructions of genera with more than one species 
occurring on Lord Howe Island. Trees were reconstructed using Beast v1.5.2 using parameters 
described in Table S2.35. Calibration points for dated trees are denoted by a letter (A, B, C etc...) 
corresponding to the information given in Table S2.34. Genbank accession numbers at given in 
Tables S2.4 - S2.33. Lord Howe Island native species are denoted by red branches. Underlined 
species are Lord Howe Island endemics. Posterior probabilities (p.p.) for nodes are denoted by stars: 
*** p.p. ≤ 0.95, ** p.p. ≤ 0.90, * p.p. ≤ 0.80. Confidence intervals (95%) for estimated node ages in 
millions of years (mya) are depicted at species divergences relevant to the current study. Phylogenetic 
trees are presented for the following genera: 
Adiantum 
Alyxia 
Asplenium 
Blechnum 
Calystegia 
Carex 
Coprosma 
Cryptocarya 
Cyathea 
Dendrobium 
Doodia 
Geniostoma 
Grammitis 
Howea 
Hymenophyllum 
Macropiper 
Melicope 
Metrosideros 
Microsorum 
Myrsine 
Olearia 
Ophioglossum 
Paspalum 
Pellaea & Cheilanthes 
Peperomia 
Polystichum 
Pteris 
Pterostylis 
Rytidosperma 
Xylosma 
Korthalsella 
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Figure S2.1.1 Adiantum 
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 Figure S2.1.3 Asplenium 
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Figure S2.1.4 Blechnum 
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Figure S2.1.5 Calystegia 
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Figure S2.1.6 Carex 
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 Figure S2.1.7 Coprosma 
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Figure S2.1.8 Cryptocarya 
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 Figure S2.1.9 Cyathea 
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Figure S2.1.10 Dendrobium 
  
171 
 
 
Figure S2.1.11 Doodia 
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Figure S2.1.12 Geniostoma 
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 Figure S2.1.13 Grammitis 
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Figure S2.1.14 Howea 
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Figure S2.1.15 Hymenophyllum 
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Figure S2.1.16 Korthalsella 
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Figure S2.1.17 Macropiper 
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Figure S2.1.18 Melicope 
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Figure S2.1.19 Metrosideros 
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Figure S2.1.20 Microsorum 
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Figure S2.1.21 Myrsine 
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Figure S.2.1.22 Olearia 
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Figure S2.1.23 Ophioglossum 
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Figure S2.1.24 Paspalum 
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Figure S2.1.25 Pellaea & Cheilanthes 
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Figure S2.1.26 Peperomia 
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Figure S2.1.27 Polystichum 
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Figure S2.1.28 Pteris 
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Figure S2.1.29 Pterostylis 
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Figure S2.1.30 Rytidosperma 
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Figure S2.1.31 Xylosma 
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Figure S2.2 Phylogenetic reconstructions of separate nrDNA and cpDNA for seven genera: 
Coprosma, Geniostoma, Korthalsella, Melicope, Metrosideros, Peperomia, Rytidosperma. Nodes 
with less than 0.8 posterior probability have been collapsed to aid identification of incongruences 
between trees. All phylograms are undated. Native LHI species are highlighted by red boxes. 
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Figure S2.2.2 Geniostoma 
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Figure S2.2.3 Korthalsella 
 
195 
 
 
Figure S2.2.4 Melicope 
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Figure S2.2.5 Metrosideros 
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Figure S2.2.6 Peperomia 
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Figure S2.2.7 Rytidosperma 
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Figure S2.3 Parsimony phylogenetic reconstructions with multiple accessions of LHI Coprosma and 
Metrosideros species. Multiple gene, parsimony phylogenetic reconstructions for Metrosideros (only 
species with 5S DNA sequences) and Coprosma (only species with DNA sequences for all three 
regions) with multiple individuals of LHI species. LHI species are highlighted in red. Numbers at 
nodes denote the bootstrap support values. Descriptions of the reconstruction methods and bootstrap 
analyses are given in the materials and methods for chapter 2. Coprosma_huttoniana_4 possessed 
mixed nuclear DNA sequences of C. huttoniana and C. putida. For these analyses the mixed regions 
were coded as ambiguities. 
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Figure S2.3.2 Metrosideros 
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Figure S 2.4 Age- range correlation plots for Coprosma and Metrosideros 
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Table S2.1 24 biogeographic regions included in this study (Chapter 2 and Chapter 3). Regions were modified for van Balgooy (1971). 
No. Region name Region description 
1  Africa African continent, Macronesian Islands (Canaries, Madeira, Cape Verdes), Madagascar, Mascarenes and Seychelles. 
2  Eurasia The whole of Europe and Asia excluding the south and south-eastern parts of Asia. 
3  E. Asia China, Japan, Korea and Taiwan. 
4  S. E. Asia India, Burma, Indo-China, Sri lanka and the Maldives. 
5  Malesia Malaysia, Sumatra, Indonesia (excluding new Guinea),Timor and Borneo. 
6  Philippines The Philippine Islands. 
7  New Guinea New Guinea and the Bismarck Islands, excluding Bougainville. 
8  Australia Australia, including Tasmania. 
9  Antarctica The Antarctic continent. 
10  N. America The North American continent . 
11  S. America 
Central and South America, the Revilla Gigedo Islands, Clipperton Islands, Galapagos Islands, Cocos Islands, Desventaduras Islands and the 
Juan Fernandez Islands. 
12  Norfolk Island Norfolk Island. 
13  New Zealand New Zealand, including the Auckland and Chatham Islands. 
14  Kermadec Islands The Kermadec Islands. 
15  New Caledonia New Caledonia. 
16  Fiji The Fijian Islands (Viti Levu, Vana Levu etc.). 
17  Samoa The Samoan Islands. 
18  Tonga The Tongan Islands. 
19  Solomon Islands The Solomon Islands and Bougainville. 
20  The Loyalties  The Loyalty Islands. 
21  New Hebrides From St.Cruz and the Banks group in the north extending to but not including the Loyalty Islands in the south. 
22  N. W. Pacific Micronesia, Guam, Mariana Island. Bonin Islands and the Carolines Islands. 
23  Central Pacific 
The Cook Islands (Rarotonga), Society Islands (Tahiti, Moorea and Raiatea etc.), French Polynesia (Tubuai Islands, Tuamotus Islands, Rapa 
Island, the Pitcairn Islands, Marquesas Islands), west and east central Polynesia (Marshall Island, Tuvalu, Tokelau) and Easter Island. 
24  Hawaii The Hawaiian Islands. 
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Table S2.2 Presence/absence and endemism of native LHI plant species in 24 biogeographic regions used to calculate p i in 
chapter 2. Also used as the NSD data set in chapter 3. 
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Achyranthes aspera NO 1 0 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 
Adiantum aethiopicum NO 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Adiantum hispidulum NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Adiantum pubescens NO 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 
Aegiceras corniculatum NO 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Agrostis aemula NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alyxia lindii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alyxia ruscifolia NO 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alyxia squamulosa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Apium prostratum NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Arachniodes aristata NO 0 0 0 1 1 1 1 1 0 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 
Arthropteris tenella NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Asplenium australasicum NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 1 0 0 1 0 1 0 
Asplenium milnei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Asplenium polyodon NO 1 0 1 1 1 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 1 
Asplenium pteridoides YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Asplenium surrogatum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Atractocarpus stipularis YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Atriplex cinerea NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Avicennia marina NO 0 0 0 0 0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Baloghia inophylla NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 
Baumea juncea NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Blechnum contiguum NO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Blechnum fullagarii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Blechnum geniculatum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Blechnum howeanum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Blechnum patersonii NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boehmeria calophleba YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boerhavia tetrandra NO 1 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1 1 
Botrychium australe NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Brachyscome segmentosa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bulbophyllum argyropus NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
Bulbostylis densa NO 1 0 0 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
Caesalpinia bonduc NO 1 0 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 
Calanthe triplicata NO 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
Calystegia affinis NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Calystegia soldanella NO 1 1 1 1 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Canavalia rosea NO 1 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
Carex breviculmis NO 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Carex brunnea NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Carex inversa NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Carex pumila NO 0 0 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
Carmichaelia exsul YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Carpobrotus glaucescens NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Cassinia tenuifolia YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Celtis conferta NO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Cephalomanes atrovirens NO 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 
Cephalomanes bauerianum NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Cheilanthes distans NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Cheilanthes sieberi NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 
Chionanthus quadristamineus YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chionochloa howensis YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Christella dentata NO 1 0 1 1 1 1 1 1 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 
Clematis glycinoides NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Commelina cyanea NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Coprosma huttoniana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coprosma inopinata YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coprosma lanceolaris YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coprosma prisca YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coprosma putida YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coprosma sp. nov YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corokia carpodetoides YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corybas barbarae NO 0 0 0 1 1 1 1 1 0 0 0 0 1 0 1 0 1 0 1 0 1 1 1 0 
Cotula australis NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Crassula sieberiana NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Crinum asiaticum NO 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
Cryptocarya gregsonii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cryptocarya triplinervis NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyathea brevipinna YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyathea howeana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyathea macarthurii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyathea robusta YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyperus lucidus NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Dendrobium macropus NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dendrobium moorei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dianella intermedia NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Dichelachne crinita NO 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 
Dietes robisoniana YES 0 0 0 0 0 0 0 0 0 0 0 0                                                                                                                                                                                                                                                                                                                                                                0 0 0 0 0 0 0 0 0 0 0
Diplazium melanochlamys YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dodonaea viscosa NO 1 0 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 
Doodia aspera NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Doodia caudata NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Doodia media NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 
Dracophyllum fitzgeraldii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drypetes deplanchei NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Dysoxylum pachyphyllum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Echinopogon ovatus NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Elaeocarpus costatus YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elaeodendron curtipendulum NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
Elatostema grande YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elymus multiflorus NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Epilobium billardierianum NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Euchiton involucratus NO 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Euphorbia psammogeton NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Exocarpus homalocladus YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ficus macrophylla NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flagellaria indica NO 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 1 0 0 
Gahnia xanthocarpa NO 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Geitonoplesium cymosum NO 0 0 0 0 1 1 1 1 0 0 0 1 0 0 1 1 0 0 1 1 1 0 0 0 
Geniostoma huttonii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geniostoma petiolosum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Grammitis diminuta YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Grammitis nudicarpa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Grammitis wattsii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Guioa coriacea YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halophila ovalis NO 1 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 1 
Hedyscepe canterburyana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hibiscus diversifolius NO 1 0 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
Hibiscus tiliaceus NO 1 0 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
Histiopteris incisa NO 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 
Homalanthus populifolius NO 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Howea belmoreana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Howea forsteriana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Huperzia varia NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Hydrocotyle hirta NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hymenophyllum howense YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hymenophyllum moorei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypolepis elegans NO 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 0 1 0 
Ipomoea pes-caprae NO 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Isolepis nodosa NO 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Jasminum didymum NO 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 0 
Jasminum simplicifolium NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Korthalsella emersa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Korthalsella rubra NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lagunaria patersonia NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Lastreopsis nephoriodes YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepidium howei-insulae YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepidium nesophilum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepidorrhachis mooreana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptopteris moorei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptospermum polygalifolium NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepturus repens NO 1 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 1 1 1 
Leucopogon parviflorus NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Lobelia andeps NO 1 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
Lordhowea insularis YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Luzula longiflora YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Machaerina insularis YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Macropiper excelsum NO 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
Macropiper hooglandii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marattia howeana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marsdenia rostrata NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marsdenia tubulosa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melaleuca howeana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melicope contermina YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melicope polybotrya YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Melicytus novae-zelandae NO 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 0 0 
Metrosideros nervulosa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metrosideros sclerocarpa YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microlaena stipoides NO 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Microtis unifolia NO 0 0 1 0 1 1 1 1 0 0 0 1 1 0 1 0 0 0 0 0 1 0 0 0 
Mucuna gigantea NO 1 0 1 1 1 1 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 
Muehlenbeckia complexa NO 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Myoporum insulare NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myrsine mccomishii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myrsine myrtillina YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myrsine platysigma YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Negria rhabdothamnoides YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephrolepis cordifolia NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 
Nicotiniana forsteri NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Ochrosia elliptica NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
Olea paniculata NO 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
Olearia ballii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Olearia elliptica NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Olearia mooneyi YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ophioglossum coriaceum NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Ophioglossum pendulum NO 1 0 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 0 
Ophioglossum petiolatum NO 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Ophioglossum reticulatum NO 1 0 0 1 1 1 1 0 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 
Oplismenus hirtellus NO 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 
Oxalis corniculata NO 0 1 1 0 1 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 
Pandanus fosteri YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pandorea pandorana NO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
Parietaria debilis NO 1 0 1 1 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
Parsonsia howeana YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paspalum distichum NO 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
Paspalum vaginatum NO 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
Passiflora herbertiana NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pellaea falcata NO 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
Pellaea paradoxa NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peperomia tetraphylla NO 1 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Peperomia urvilleana NO 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 0 1 0 0 0 
Phragmites australis NO 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 1 0 0 1 0 0 
Phymatosorus pustulatus NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Phymatosorus scandens NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Pimelea congesta YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pisonia brunoniana NO 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 
Pittosporum erioloma YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plantago hedleyi YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Platycerium bifurcatum NO 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plectorrhiza erecta YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plectranthus graveolens NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Poa poiformis NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polyscias cissodendron NO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
Polystichum moorei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polystichum whiteleggei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pouteria myrsinoides NO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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Pseudognaphalium luteoalbum NO 1 0 1 1 1 1 1 1 0 0 1 0 1 0 1 1 1 1 0 0 0 1 1 1 
Psilotum nudum NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Psychotria carronis YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pteris microptera YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pteris tremula NO 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 
Pterostylis curta NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Pterostylis obtusa NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pterostylis pedunculata NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pyrrosia confluens NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
Rytidosperma racemosum NO 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Rytidosperma unarede NO 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Sarcocornia quinqueflora NO 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 
Sarcomelicope simplicifolia NO 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Scaevola taccada NO 1 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
Senecio howeanus YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Senecio pauciradiatus YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sesuvium portulacastrum NO 1 0 1 1 1 1 1 1 0 1 1 0 1 0 1 1 1 1 0 1 1 1 1 1 
Sicyos australis NO 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 
Smilax australis NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Solanum aviculare NO 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 0 0 0 1 0 1 0 0 0 
Sophora howinsula YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spinifex sericeus NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Sporobolus virginicus NO 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 
Stephania japonica NO 0 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 0 1 0 
Sticherus lobatus NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Symplocos candelabrum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syzygium fullagarii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tetragonia implexicoma NO 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 
Tetragonia tetragonioides NO 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 0 0 1 0 1 0 0 1 1 
Tmesipteris truncata NO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triglochin striata NO 1 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
Trophis scadens NO 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 1 0 1 1 0 0 0 
Tylophora biglandulosa NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 
Typha domingensis NO 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
Uncinia debilior YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vicia sativa NO 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
Vigna marina NO 1 0 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 0 1 1 1 
Wahlenbergia gracilis NO 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Wahlenbergia insulae-howei YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Westringia viminalis YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wollastonia biflora NO 1 0 1 1 1 1 1 1 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 0 
Xylosma maidenii YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xylosma parviflorum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zanthoxylum pinnatum NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 
Zostera capricorni NO 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Zygogynum howeanum YES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table S2.3 Number of species within each genus on LHI and each of the 5 focal regions. Values in brackets are the number of local species included in phylogenetic analysis. 
Genus LHI Australia New Zealand 
New 
Caledonia 
Norfolk 
Island 
Kermadec 
Islands 
Species in 
region 
Regional 
species 
sampled 
Regional 
species 
unavailable 
Total species 
sampled 
Proportion of 
region 
sampled 
Adiantum 3 (3) 8 (3) 6 (2) 7 (3) 2 (1) 3 (1) 14 4 10 19 0.29 
Alyxia 3 (3) 13 (5) 0 (0) 31 (0) 1 (0) 0 (0) 44 7 37 8 0.16 
Asplenium 5 (5) 30 (17) 12 (11) 14 (3) 4 (4) 5 (5) 48 26 22 41 0.54 
Blechnum 5 (4) 18 (15) 14 (12) 17 (8) 1 (1) 2 (2) 45 31 14 55 0.69 
Calystegia 2 (2) 3 (3) 4 (4) 0 (0) 2 (2) 1 (1) 5 5 0 17 1.00 
Carex 4 (4) 44 (17) 72 (46) 6 (2) 3 (2) 2 (2) 118 61 57 610 0.52 
Cephalomanes 2 (1) 4 (0) 0 (0) 0 (0) 1 (1) 0 (0) 5 1 4 - 0.20 
Cheilanthes 2 (2) 15 (2) 3 (2) 4 (2) 2 (2) 0 (0) 16 2 14 25 0.13 
Coprosma 6 (6) 10 (8) 48 (36) 0 (0) 2 (2) 3 (3) 60 48 12 60 0.80 
Cryptocarya 2 (2) 47 (4) 0 (0) 19 (0) 0 (0) 0 (0) 67 5 62 9 0.07 
Cyathea 4 (4) 12 (7) 5 (4) 7 (3) 2 (2) 2 (0) 30 18 12 111 0.60 
Dendrobium 2 (2) 19 (9) 1 (1) 33 (5) 1 (0) 0 (0) 52 13 39 26 0.25 
Doodia 3 (3) 8 (5) 2 (2) 2 (2) 2 (2) 2 (2) 9 6 3 8 0.67 
Geniostoma 2 (2) 1 (1) 1 (1) 9 (1) 0 (0) 0 (0) 11 3 8 5 0.27 
Grammitis 3 (3) 12 (4) 5 (3) 3 (1) 0 (0) 0 (0) 21 10 11 26 0.48 
Hibiscus 2 (1) 35 (-) 2 (-) 9  (-) 1  (-) 0  (-) 47 - - - - 
Howea 2 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 2 0 2 1.00 
Hymenophyllum 2 (2) 19 (8) 20 (12) 14 (8) 0 (0) 2 (1) 43 29 14 58 0.67 
Jasminum 2 (1) 11 (2) 0 (0) 7 (0) 2 (1) 0 (0) 18 2 16 - 0.11 
Korthalsella 2 (2) 7 (3) 2 (2) 2 (1) 1 (0) 0 (0) 11 6 5 12 0.55 
Lepidium 2 (0) 35 (20) 9 (6) 3 (0) 0 (0) 1 (1) 43 25 18 - 0.58 
Macropiper 2 (2) 0 (0) 1 (1) 0 (0) 1 (1) 1 (1) 3 3 0 7 1.00 
Marsdenia 2 (1) 33 (0) 0 (0) 8 (0) 0 (0) 0 (0) 34 1 33 - 0.03 
Melicope 2 (2) 16 (5) 3 (2) 13 (1) 2 (1) 1 (1) 35 10 25 24 0.29 
Metrosideros 2 (2) 0 (0) 11 (11) 18 (18) 0 (0) 1 (1) 32 32 0 54 1.00 
Microsorum 2 (2) 8 (6) 4 (3) 1 (1) 3 (3) 1 (0) 11 8 3 14 0.73 
Myrsine 3 (3) 20 (1) 8 (8) 11 (0) 0 (0) 1 (1) 43 13 30 18 0.30 
Olearia 3 (3) 47 (24) 33 (14) 0 (0) 0 (0) 0 (0) 83 41 42 64 0.49 
Ophioglossum 4 (4) 7 (5) 2 (1) 2 (2) 1 (1) 1 (1) 10 7 3 14 0.70 
Paspalum 2 (2) 21 (15) 0 (0) 1 (1) 1 (1) 1 (1) 22 15 7 90 0.68 
Pellaea 2 (2) 5 (4) 2 (2) 1 (1) 1 (1) 1 (1) 6 5 1 29 0.83 
Peperomia 2 (2) 5 (2) 2 (2) 8 (1) 0 (0) 2 (2) 16 4 12 70 0.25 
Polystichum 2 (2) 4 (4) 6 (6) 0 (0) 0 (0) 0 (0) 12 12 0 67 1.00 
Pteris 2 (2) 10 (4) 3 (2) 8 (2) 3 (1) 2 (2) 20 6 14 18 0.30 
Pterostylis 3 (3) 60 (26) 19 (9) 3 (2) 0 (0) 0 (0) 104 44 60 54 0.42 
Rytidosperm 2 (2) 33 (29) 17 (9) 0 (0) 0 (0) 1 (1) 50 39 11 50 0.78 
Senecio 2 (1) 34 (-) 39 (-) 1 (-) 3  (-) 2 (-) 81 - - - - 
Tetragonia 2 (1) 5 (1) 2 (1) 1 (1) 2 (1) 3 (1) 6 1 5 - 0.17 
Wahlenbergia 2 (1) 24 (1) 10 (0) 1 (0) 0 (0) 1 (0) 34 2 32 - 0.06 
Xylosma 2 (2) 2 (0) 0 (0) 20 (1) 0 (0) 0 (0) 25 3 22 8 0.12 
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Table S2.4 Accession numbers for sequences 
included in the Adiantum phylogeny 
Genus Species rbcL 
Adiantum aethiopicum EF469955 
Adiantum cajennense EF473675 
Adiantum capillus-veneris DQ432659 
Adiantum cuneatum EF473676 
Adiantum hispidulum EF590493 
Adiantum latifolium EF473677 
Adiantum malesianum EF452132 
Adiantum obliquum EF473678 
Adiantum pedatum U05602 
Adiantum pentadactylon EF473679 
Adiantum peruvianum EF452133 
Adiantum pubescens XXXXXX 
Adiantum raddianum EF473680 
Adiantum reniforme AY573519 
Adiantum serratodentatum EF473681 
Adiantum subcordatum EF473682 
Adiantum tenerum EF452134 
Adiantum terminatum EF473683 
Adiantum tetraphyllum EF452135 
Adiantum venustum EF452136 
Anetium citrifolium ACU21284 
Antrophyum latifolium EF452138 
Haplopteris elongata EF452153 
Hecistopteris pumila HPU21286 
Monogramma graminea EF452157 
Polytaenium cajenense PCU20934 
Rheopteris cheesmaniae EF452176 
Vittaria graminifolia VGU21295 
Vittaria gardneriana VGU21294 
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Table S2.5 Accession numbers for sequences included in the Alyxia phylogeny 
Genus Species rps16 trnL-trnF trnL 
Alyxia buxifolia - AF214152 AF214306 
Alyxia grandis EF456518 EF456089 EF456089 
Alyxia lindii XXXXXX XXXXXX XXXXXX 
Alyxia oblongata EF456519 EF456090 EF456090 
Alyxia reinwardtii DQ660559 EF456091 EF456091 
Alyxia ruscifolia XXXXXX XXXXXX XXXXXX 
Alyxia spicata EF456521 EF456092 EF456092 
Alyxia squamulosa XXXXXX XXXXXX XXXXXX 
Apocynum androsaemifolium EF456546 - - 
Apocynum cannabinum DQ660563 - - 
nerium oleander EF456596 - - 
Strychnos lucida DQ660614 - - 
Strychnos tomentosa - AF102484 AF102484 
Tabernaemontana catharinensis DQ660618 - - 
Tabernaemontana floribunda - AF214197 AF214351 
Thevetia peruviana DQ660621 EF456088 EF456088 
Vinca minor DQ660623 FJ490766 FJ490766 
Wrightia arborea DQ660625 EF456164 EF456164 
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Table S2.6 Accession numbers for sequences included in the Asplenium phylogeny 
Genus Species rbcL trnL-trnF Genus Species rbcL trnL-trnF Genus Species rbcL trnL-trnF 
Asplenium abscissum AY300102 - Asplenium hispanicum AY300119 - Asplenium rhizophyllum AY300136 - 
Asplenium adiantum-nigrum AF318600 - Asplenium hobdyi AY549736 - Asplenium richardii AY300138 EF418413 
Asplenium aegaeum AY300103 - Asplenium hookerianum AY283229 AY538184 Asplenium ruprechtii U30606 - 
Asplenium aethiopicum AF240654 AF525233 Asplenium hostmannii AY300120 - Asplenium ruta-muraria AF525273 - 
Asplenium affine AY300104 - Asplenium incisum AY549748 - Asplenium salicifolium AY300139 - 
Asplenium anceps AY300105 - Asplenium interjectum AY545480 - Asplenium sandersonii AF525274 AF525247 
Asplenium angustum AY300106 AY300053 Asplenium jahandiezii AY300121 - Asplenium scolopendrium AF240645 AF525262 
Asplenium anisophyllum AY300107 - Asplenium juglandifolium AF525269 - Asplenium seelosii AY300140 - 
Asplenium antiquum EU240033 EU240028 Asplenium laciniatum AY549747 - Asplenium septentrionale AF525275 - 
Asplenium appendiculatum - AY283202 Asplenium lamprophyllum AY283230 AY538185 Asplenium serratum AY300141 - 
Asplenium appendiculatum - AY283203 Asplenium lolegnamense AF538315 - Asplenium shuttleworthianum AY283235 AY283223 
Asplenium aureum AF538311 - Asplenium loxoscaphoides AY300122 - Asplenium simplicifrons AY300142 AY300089 
Asplenium australasicum AY283237 AY641792 Asplenium lucidum AY549749 AY549853 Asplenium smedsii AY300143 - 
Asplenium bourgaei AY300108 - Asplenium lunulatum AY549732 - Asplenium sphenotomum AY300144 - 
Asplenium bulbiferum AY283226 AY538182 Asplenium lushanense AY545481 - Asplenium surrogatum EU240034 EU240029 
Asplenium bullatum AY300109 - Asplenium majoricum AF318587 - Asplenium tenerum AY300145 AY300092 
Asplenium caudatum AY300110 - Asplenium mannii AY300124 - Asplenium theciferum AY300123 AY300070 
Asplenium ceterach AF538313 - Asplenium milnei EU240032 EU240030 Asplenium tricholepis AY549729 - 
Asplenium cordatum AF538319 - Asplenium milnei XXXXXX XXXXXX Asplenium trichomanes EF463157 EF645613 
Asplenium cristatum AY549731 - Asplenium monanthes AY300125 - Asplenium variabile AY300146 - 
Asplenium cuneatiforme AY549755 - Asplenium montanum AY300126 - Asplenium varians AY545478 - 
Asplenium cuneifolium AF525265 - Asplenium myriophyllum AY300127 - Asplenium viellardii AY549750 AY549854 
Asplenium cuspidatum AY300111 - Asplenium nidus AF525270 AF425118 Asplenium viride AY549734 - 
Asplenium cyprium AF538314 - Asplenium normale EF463152 AY549838 Asplenium volkensii AY300148 - 
Asplenium dalhousiae AF538317 - Asplenium northlandicum EU240031 AY538178 Asplenium wrightii AY549730 - 
Asplenium dareoides AY300112 - Asplenium obliquum AY300129 - Asplenium wrightioides AY725031 - 
Asplenium difforme AY641801 AY641794 Asplenium oblongifolium AY283231 AY538175 Asplenium yoshinagae AY725030 - 
Asplenium dimorphum - AY641808 Asplenium obtusatum AY300130 AY300076 Asplenium yunnanense AY545482 - 
Asplenium elliottii AY549753 - Asplenium octoploideum AF538316 - Athyrium filix-femina AY818676 AY540046 
Asplenium emarginatum AF525266 - Asplenium onopteris AY300131 - Blechnum brasiliense - DQ683436 
Asplenium erectum AY300113 - Asplenium pauperequitum AY283233 - Blechnum occidentale AY137670 - 
Asplenium feei AF525267 AF525244 Asplenium pekinense AY545479 - Hymenasplenium cheilosorum AB014704 AY549830 
Asplenium filipes U30605 - Asplenium petrarchae AF525271 - Hymenasplenium excisum AY549728 AY549831 
Asplenium fissum AY300114 - Asplenium phillipsianum AF538320 - Hymenasplenium obliquissimum AB016187 - 
Asplenium flabellifolium AY283227 AY283209 Asplenium phyllitidis AY300132 - Hymenasplenium unilaterale AF240652 AF240668 
Asplenium flaccidum AY283228 AY283210 Asplenium platyneuron AF525272 - Polystichum vestitum AY300099 AY300046 
Asplenium fontanum AF525268 - Asplenium polyodon AY300133 AY300080 Woodsia polystichoides U05657 DQ480129 
Asplenium formosum AY300116 - Asplenium praegracile AY300134 - Woodwardia fimbriata AY137662 - 
Asplenium fragile AY549733 - Asplenium praemorsum AY549754 - Woodwardia japonica - DQ683432 
Asplenium friesiorum AY549756 - Asplenium prolongatum AY549752 AY549856 
   
 
Asplenium gemmiferum AY300117 AY300064 Asplenium protensum AY300135 - 
   
 
Asplenium hallbergii AY300118 - Asplenium pterodiodes XXXXXX XXXXXX 
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Asplenium haughtonii AF538321 - Asplenium punjabense AF538318 - 
   
 
Asplenium heterochroum AY549745 - Asplenium resiliens AY549746 - 
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Table S2.7 Accession numbers for sequences included in the Blechnum phylogeny 
Genus Species rbcL 
trnL + 
trnL-trnF 
Genus Species rbcL 
trnL + 
trnL-trnF 
Blechnum amabile AB040544 - Blechnum moorei AB040562 - 
Blechnum appendiculatum - DQ683373 Blechnum nigrum - DQ683400 
Blechnum articulatum AB040546 - Blechnum norfolkianum - DQ683402 
Blechnum blechnoides - DQ683375 Blechnum novae-zelandiae EF469957 DQ683404 
Blechnum brasiliense AB040545 DQ683436 Blechnum nudum - DQ683405 
Blechnum capense AB040547 - Blechnum obtusatum AB040564 - 
Blechnum cartilagineum AB040548 - Blechnum occidentale EU352296 - 
Blechnum castaneum AB040549 - Blechnum oceanicum AB040566 - 
Blechnum chambersii - DQ683378 Blechnum orientale U05606 - 
Blechnum chilense AB040550 - Blechnum patersonii AB040569 DQ683406 
Blechnum colensoi - DQ683380 Blechnum penna-marina - DQ683409 
Blechnum contiguum XXXXXX XXXXXX Blechnum polypodioides EF463159 - 
Blechnum coriaceum AB040551 - Blechnum procerum - DQ683411 
Blechnum doodioides AB040552 - Blechnum punctulatum - DQ683412 
Blechnum durum - DQ683384 Blechnum schomburgkii EF463160 - 
Blechnum filiforme - DQ683386 Blechnum serrulatum AY137671 - 
Blechnum fluviatile - DQ683389 Blechnum simillimum AB040570 - 
Blechnum fraseri AB040553 DQ683391 Blechnum spicant AB040571 DQ683413 
Blechnum fullagarii - XXXXXX Blechnum triangularifolium - DQ683415 
Blechnum gibbum AB040554 - Blechnum vieillardii AB040573 - 
Blechnum glandulosum AB040555 - Blechnum vulcanicum - DQ683417 
Blechnum gracile EF463158 - Blechnum wattsii - DQ683418 
Blechnum hancockii AB040556 - Blechnum whelanii AB040607 - 
Blechnum hastatum AB040557 - Blechnum wurunuran AB040575 - 
Blechnum howeanum XXXXXX XXXXXX Doodia mollis AB040579 DQ683428 
Blechnum indicum AB040558 - Doodia squarrosa AB040580 DQ683430 
Blechnum magellanicum AB040560 - Lorinseria areolata AF425102 - 
Blechnum membranaceum - DQ683393 Sadleria cyatheoides AF425103 DQ683431 
Blechnum microbasis AB040561 - Woodwardia fimbriata AY137662 - 
Blechnum milnei - DQ683394 Woodwardia japonica AY137664 DQ683432 
Blechnum minus - DQ683396 Woodwardia prolifera AY137666 DQ683433 
Blechnum montanum - DQ683398 Woodwardia radicans AY137667 DQ683434 
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Table S2.8 Accession numbers for sequences included in the 
Calystegia phylogeny 
Genus Species clone/subsp. ITS 
Calystegia affinis x22c14 XXXXXX 
Calystegia affinis x22c15 XXXXXX 
Calystegia affinis x22c16 XXXXXX 
Calystegia affinis x22c17 XXXXXX 
Calystegia affinis x22c18 XXXXXX 
Calystegia affinis x22c19 XXXXXX 
Calystegia affinis x22c20 XXXXXX 
Calystegia howittiorum  GQ119530 
Calystegia marginata  EU812827 
Calystegia pellita 
 
GQ119509 
Calystegia pubescens  GQ119508 
Calystegia pulchra 
 
GQ119540 
Calystegia pulchra 
 
GQ119539 
Calystegia sepium 
 
AY560267 
Calystegia sepium subsp_americana GQ119513 
Calystegia sepium subsp_americana_2 GQ119512 
Calystegia sepium subsp_limnophila GQ119510 
Calystegia sepium subsp_roseata EU812829 
Calystegia sepium subsp_roseata_2 EU812828 
Calystegia sepium subsp_roseata_4 GQ119519 
Calystegia sepium subsp_sepium GQ119556 
Calystegia sepium subsp_spectabilis GQ119584 
Calystegia sepium subsp_spectabilis_2 GQ119583 
Calystegia silvatica 
 
AY560269 
Calystegia silvatica subsp_disjuncta GQ119570 
Calystegia silvatica subsp_silvatica GQ119548 
Calystegia soldanella  EU812833 
Calystegia tuguriorum  EU812835 
Convolvulus floridus 
 
EF371754 
Convolvulus scoparius 
 
EF371762 
Ipomoea microdactyla  EF029037 
Ipomoea obscura 
 
GQ478092 
Merremia tuberosa 
 
AF110909 
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Table S2.9 Accession numbers for sequences included in the Carex phylogeny 
Genus Species ITS Genus Species ITS Genus Species ITS Genus Species ITS 
Carex concinnoides AF284965 Carex cockayneana EU352221 Carex hirtigluma EU288596 Carex peckii DQ998940 
Carex eburnea AF285000 Carex colensoi EU352222 Carex hystericina AY757574 Carex polystachya AF027487 
Carex brunnea AF285003 Carex cruciata AF027489 Carex illota AY779110 Carex preslii AY779146 
Carex lanuginosa AF285031 Carex cuprina FJ694688 Carex inops AY686721 Carex pseudocuraica AY779148 
Carex mucronata AY278257 Carex declinata EU000960 Carex insularis EU812738 Carex pyramidalis EU288616 
Carex kitaibeliana AY278258 Carex deflexa AY686720 Carex integra AY779111 Carex remota AY779150 
Carex alba AY278259 Carex depauperata AY757621 Carex intumescens AY757579 Carex renauldii EU288617 
Carex ericetorum AY278281 Carex dipsacea EU352223 Carex iynx EU812734 Carex resectans EU352231 
Carex hirta AY278296 Carex disperma EU000976 Carex johnstonii EU288600 Carex retrorsa AY757577 
Carex lasiocarpa AY278297 Carex divisa DQ115154 Carex kaloides AY699638 Carex riparia AY757571 
Carex inversa AY699625 Carex drymophila DQ998911 Carex kermadecensis AY699617 Carex rupestris FJ694751 
Carex breviculmis AY699627 Carex echinata EU352224 Carex laeviculmis DQ115196 Carex schweinitzii AY757572 
Carex adusta AY779065 Carex echinochloe EU812737 Carex laxa DQ998928 Carex serpenticola AY325476 
Carex albicans AY325479 Carex elongata DQ115166 Carex leporinella AY779114 Carex serratodens DQ384183 
Carex albursina AY757626 Carex exilis DQ115168 Carex livida AY757628 Carex solandri EU331116 
Carex amphibola DQ006000 Carex fascicularis EU352234 Carex loliacea DQ115206 Carex spectabilis GQ223637 
Carex amplifolia AY757584 Carex fecunda DQ115170 Carex longibrachiata EU812735 Carex steudneri EU288637 
Carex andringitrensis EU288568 Carex fernaldiana DQ998913 Carex longii AY779115 Carex suberecta AY779166 
Carex angolensis EU288569 Carex feta AY779099 Carex lucorum AY325464 Carex tasmanica DQ384185 
Carex arcta DQ115098 Carex filiformis FJ694727 Carex maackii AY779116 Carex tenuiflora AY757427 
Carex baccans AF027488 Carex filipes DQ998914 Carex mackenziei DQ115208 Carex tonsa AY686723 
Carex baldensis EU288543 Carex fimbriata EU288551 Carex mariposana AY779118 Carex triangularis EU001073 
Carex biltmoreana DQ998902 Carex floridana AY325482 Carex media DQ998932 Carex trichocarpa AY757570 
Carex binervis DQ384112 Carex foetida AY280544 Carex molesta DQ461143 Carex trisperma DQ115298 
Carex blanda AF027484 Carex foliosissima DQ998916 Carex monostachya EU288608 Carex tuckermanii AY757573 
Carex bohemica AY779073 Carex furva EU541868 Carex morrowii EU288558 Carex turbinata AY325465 
Carex bonariensis DQ115106 Carex gayana EU000982 Carex muelleri AY699643 Carex umbellata AY325486 
Carex breweri AF285012 Carex geophila AY325481 Carex nigromarginata AY325478 Carex vernacula DQ115306 
Carex brunnescens EU541872 Carex glacialis AY757625 Carex novae-angliae AY325475 Carex wakatipu EU352238 
Carex caryophyllea EU288547 Carex glareosa EU541871 Carex obispoensis AY757620 Carex wootonii AY779181 
Carex chathamica AY699641 Carex globosa AY325487 Carex obtusata AY241981 Carex pumila EU352230 
Carex cherokeensis AY757619 Carex graminifolia EU288594 Carex oligocarpa EF590759 Uncinia astonii EU812836 
Carex chihuahuensis EU000953 Carex hartmanii EU288552 Carex pachygyna DQ998936 Uncinia divaricata EU812837 
Carex chlorosaccus EU288577 Carex haydenii AY779106 Carex parciflora DQ998939  
  
Carex chordorrhiza DQ115126 Carex heteroneura DQ998921 Carex paupercula FJ694731 
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Table S2.10 Accession numbers for sequences included in the Coprosma phylogeny 
Genus Species rps16 ITS 5S Genus Species rps16 ITS 5S 
Anthospermum aethiopicum AF257897 AF257896 - Coprosma parviflora XXXXXX XXXXXX XXXXXX 
Coprosma acerosa XXXXXX AY273190 XXXXXX Coprosma perpusilla - XXXXXX - 
Coprosma acutifolia - EF660535 - Coprosma persicifolia AF257910 AF257909 - 
Coprosma antipoda AF257902 AF257901 - Coprosma petiolata - EF635455 - 
Coprosma arborea - EU169116 - Coprosma petriei XXXXXX AY191804 XXXXXX 
Coprosma banksii XXXXXX - XXXXXX Coprosma pilosa - EF660530 - 
Coprosma baueri - EF660529 - Coprosma prisca XXXXXX XXXXXX XXXXXX 
Coprosma brunnea - AY189124 - Coprosma prisca XXXXXX XXXXXX XXXXXX 
Coprosma chathamica - EF635443 - Coprosma prisca XXXXXX XXXXXX XXXXXX 
Coprosma cheesemanii XXXXXX AF257903 XXXXXX Coprosma prisca XXXXXX XXXXXX XXXXXX 
Coprosma ciliata XXXXXX - - Coprosma propinqua XXXXXX XXXXXX XXXXXX 
Coprosma crassifolia XXXXXX AF257905 XXXXXX Coprosma pumila - FJ695439 - 
Coprosma crenulata - AY191801 - Coprosma putida XXXXXX XXXXXX XXXXXX 
Coprosma cunneata XXXXXX XXXXXX XXXXXX Coprosma putida XXXXXX XXXXXX XXXXXX 
Coprosma cunninghamii - - XXXXXX Coprosma putida XXXXXX XXXXXX XXXXXX 
Coprosma cymosa XXXXXX - - Coprosma putida XXXXXX XXXXXX XXXXXX 
Coprosma decurva XXXXXX - XXXXXX Coprosma quadrifida XXXXXX XXXXXX XXXXXX 
Coprosma divergens - XXXXXX - Coprosma repens XXXXXX XXXXXX XXXXXX 
Coprosma elatirioides - AY189122 - Coprosma rhamnoides XXXXXX XXXXXX XXXXXX 
Coprosma ernodeoides - GQ885142 - Coprosma rigida XXXXXX XXXXXX XXXXXX 
Coprosma fauriei AF257908 AF257907 - Coprosma robusta AF002735 XXXXXX - 
Coprosma foetidissima XXXXXX XXXXXX - Coprosma rugosa XXXXXX XXXXXX XXXXXX 
Coprosma fowerakeri XXXXXX XXXXXX XXXXXX Coprosma sp. nov XXXXXX XXXXXX XXXXXX 
Coprosma grandifolia - GQ130328 XXXXXX Coprosma sp. nov XXXXXX XXXXXX XXXXXX 
Coprosma hirtella XXXXXX XXXXXX XXXXXX Coprosma sp. nov XXXXXX XXXXXX XXXXXX 
Coprosma huttoniana XXXXXX XXXXXX XXXXXX Coprosma sp. nov XXXXXX XXXXXX XXXXXX 
Coprosma huttoniana XXXXXX XXXXXX XXXXXX Coprosma sp. sand - EU886827 - 
Coprosma huttoniana XXXXXX XXXXXX XXXXXX Coprosma taitensis XXXXXX DQ501277 XXXXXX 
Coprosma huttoniana XXXXXX XXXXXX XXXXXX Coprosma tenuicaulis - XXXXXX - 
Coprosma inopinata XXXXXX XXXXXX XXXXXX Coprosma tenuifolia - DQ501278 - 
Coprosma inopinata XXXXXX XXXXXX XXXXXX Coprosma waimeae AF257915 AF257914 - 
Coprosma intertexta - AY191802 - Durringtonia paludosa AF257917 AF257916 - 
Coprosma lanceolaris XXXXXX XXXXXX XXXXXX Galopina crocylloides AF002764 AF257918 - 
Coprosma lanceolaris XXXXXX XXXXXX XXXXXX Leptostigma reptans AF257921 AF257920 - 
Coprosma lanceolaris XXXXXX XXXXXX XXXXXX Nenax acerosa AF003606 - - 
Coprosma lanceolaris XXXXXX XXXXXX XXXXXX Nenax hirta - AF257922 - 
Coprosma linariifolia XXXXXX XXXXXX XXXXXX Nertera assurgens AF257924 AF257923 - 
Coprosma lucida - GQ130330 - Nertera dichondrifolia AF257926 DQ501279 - 
Coprosma macrocarpa - EU169114 - Nertera granadensis AF002741 AF257927 - 
Coprosma microcarpa XXXXXX XXXXXX XXXXXX Nertera holmboei AF257929 AF257928 - 
Coprosma montana - GQ885143 - Normandia neocaledonica - AF257930 - 
Coprosma moorei XXXXXX - - Opercularia aspera AF257933 AF257932 - 
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Coprosma nitida - XXXXXX - Opercularia hirsuta AF003610 AF257934 - 
Coprosma nivalis XXXXXX AY191803 XXXXXX Opercularia varia AF257938 AF257937 - 
Coprosma obconica XXXXXX XXXXXX XXXXXX 
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Table S2.11 Accession numbers for sequences included 
in the Cryptocarya phylogeny 
Genus Species trnL- trnF trnL 
Beilschmiedia brenesii AF268702 - 
Beilschmiedia ovalis AF268703 - 
Beilschmiedia velutina AF268704 - 
Cryptocarya alba XXXXXX XXXXXX 
Cryptocarya chinensis AF268710 - 
Cryptocarya densiflora XXXXXX XXXXXX 
Cryptocarya gregsonii XXXXXX XXXXXX 
Cryptocarya natalense - XXXXXX 
Cryptocarya rhodosperma AF268711 - 
Cryptocarya sclerophylla AF268712 - 
Cryptocarya thouvenotii AF232035 - 
Cryptocarya triplinervis XXXXXX XXXXXX 
Potameia micrantha AF268749 - 
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Table S2.12 Accession numbers for sequences included in the Cyathea phylogeny 
Genus Species rbcL trnL-trnF Genus Species rbcL trnL-trnF Genus Species rbcL trnL-trnF 
Alsophila australis - AM410314 Cyathea dregei - AM689659 Cyathea schiedeana AM410218 AM410346 
Alsophila capensis - AM410316 Cyathea excelsa AM495767 AM689665 Cyathea schliebenii AM495792 AM689690 
Alsophila coactilis AM410205 AM410336 Cyathea fadenii AM495768 AM689666 Cyathea senilis AM410203 AM410332 
Alsophila colensoi - AM410318 Cyathea furfuracea AM410224 AM410352 Cyathea serratifolia AM495793 AM689692 
Alsophila cunninghamii AM410211 AM410339 Cyathea gibbosa - AM410330 Cyathea similis AM495794 AM689693 
Alsophila dregei AM410194 - Cyathea gigantea - AY304439 Cyathea sinuata AM495795 AM689694 
Alsophila ferdinandii AM410204 AM410335 Cyathea glauca AM495772 AM689670 Cyathea speciosa AM177339 AM410331 
Alsophila firma AM410207 - Cyathea gracilis AM410217 AM410345 Cyathea stipularis AM410219 AM410347 
Alsophila foersteri - AM410324 Cyathea grandifolia - AM410302 Cyathea tinganensis - AY304443 
Alsophila havilandii AM410189 - Cyathea grangaudiana AM495774 AM689672 Cyathea tsangii - AJ505925 
Alsophila hooglandii - AM410306 Cyathea hildebrandtii AM495798 AM689697 Cyathea tsaratananensis AM495802 AM689701 
Alsophila imrayana AM410202 AM410329 Cyathea hookeri AM495777 AM689675 Cyathea valdecrenata AM410222 AM410350 
Alsophila leichhardtiana AM410215 AM410343 Cyathea horrida AM410196 AM410320 Cyathea viguieri AM495803 AM689702 
Alsophila nigrolineata AM410206 AM410337 Cyathea howeana AM410188 AM410308 Cyathea walkerae AM495805 AM689704 
Alsophila oosora AM410209 - Cyathea humilis AM495778 AM689676 Dicksonia arborescens AM177340 AM410356 
Alsophila pachyrrhachis AM410186 AM410305 Cyathea karsteniana AM410221 AM410349 Dicksonia fibrosa AM177341 - 
Alsophila ramispina - AM410323 Cyathea kirkii AM495781 AM689679 Dicksonia gigantea AM177342 AM410357 
Alsophila salvinii AM410184 AM410300 Cyathea klossii EU352299 - Dicksonia lanata AM177343 AM410358 
Alsophila smithii AM410210 AM410338 Cyathea lastii AM495782 AM689680 Dicksonia squarrosa AM177344 AM410359 
Alsophila spinulosa AM410212 AM410340 Cyathea lepifera U05616 AM689681 Dicksonia thyrsopteroides AM177345 AM410360 
Alsophila stelligera AM410198 AM410325 Cyathea ligulata AM495783 AM689683 Hymenophyllopsis dejecta AF101301 - 
Alsophila tricolor AM410199 AM410326 Cyathea longipinnata AM495785 - Hymenophyllopsis hymenophylloides AF101302 - 
Alsophila tryoniana AM410208 - Cyathea macarthurii XXXXXX XXXXXX Sphaeropteris aeneifolia AM410185 AM410303 
Calochlaena villosa AM177327 AM410354 Cyathea madagascarica AM495786 AM689684 Sphaeropteris albifrons AM410214 AM410342 
Cnemidaria grandifolia AM177332 - Cyathea manniana AM495787 AM689685 Sphaeropteris atrox AM410225 AM410353 
Cyathea alata EF463164 - Cyathea marattioides AM495788 AM689686 Sphaeropteris auriculifera - AM410334 
Cyathea andohahelensis AM495727 AM689623 Cyathea medullaris EF469952 AM689687 Sphaeropteris brunei - AM410301 
Cyathea appendiculata AM495728 AM689624 Cyathea melanocaula AM495789 - Sphaeropteris capitata AM410192 AM410311 
Cyathea approximata AM495729 AM689625 Cyathea melleri AM495790 AM689688 Sphaeropteris celebica AM410195 AM410317 
Cyathea arborea AM177336 AM689626 Cyathea multiflora AM410197 AM410322 Sphaeropteris excelsa AM410213 AM410341 
Cyathea auriculata AM495730 - Cyathea mutica AM410220 AM410348 Sphaeropteris glauca AM410193 AM410312 
Cyathea bellisquamata AM495733 AM689629 Cyathea myriotricha EU751604 - Sphaeropteris horrida AM410200 AM410327 
Cyathea boivinii AM495738 AM689634 Cyathea parvula AM177338 AM410319 Sphaeropteris medullaris - AM410313 
Cyathea borbonica AM495742 AM689638 Cyathea pectinata - AY304446 Sphaeropteris megalosora AM410190 AM410309 
Cyathea brevipinna XXXXXX XXXXXX Cyathea perrieriana AM495791 AM689689 Sphaeropteris novaecaledoniae - AM410333 
Cyathea caracasana AM410223 AM410351 Cyathea poeppigii AM410201 AM410328 Sphaeropteris polypoda AM410191 AM410310 
Cyathea concava AM495751 AM689647 Cyathea poolii AM495754 AM689650 Sphaeropteris robusta - AM410307 
Cyathea contaminans - AY304440 Cyathea pseudogigantea - AY304441 Sphaeropteris tomentosissima - AM410304 
Cyathea costularis AM495752 AM689648 Cyathea quadrata - AM689653 Trichipteris gibbosa AM177354 - 
Cyathea decrescens - AM689654 Cyathea robertsiana AM410216 AM410344  
   
Cyathea divergens AM177337 AM410321 Cyathea robusta XXXXXX XXXXXX 
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Table S2.13 Accession numbers for sequences included in 
the Dendrobium phylogeny 
Genus Species ITS Acc. 
Cadetia maideniana AY239948 
Dendrobium adae EU430371 
Dendrobium aemulum EU430372 
Dendrobium bifalce EU430373 
Dendrobium callitrophilum EU430374 
Dendrobium canaliculatum EU430375 
Dendrobium carrii EU430376 
Dendrobium ellipsophyllum AY239965 
Dendrobium fairchildae AY239966 
Dendrobium falcorostrum EU430377 
Dendrobium formosum AY239967 
Dendrobium gracilicaule EU430382 
Dendrobium jonesii EU430383 
Dendrobium kingianum EU430385 
Dendrobium lancifolium AY239976 
Dendrobium macrophyllum AY239979 
Dendrobium monophyllum EU430387 
Dendrobium moorei EU430388 
Dendrobium nindii AY239985 
Dendrobium racemosum EU430389 
Dendrobium schoeninum EU430390 
Dendrobium smillieae AY239996 
Dendrobium speciosum EU430397 
Dendrobium tetragonum EU430402 
Dendrobium thyrsiflorum AY240001 
Dendrobium victoriae-reginae AY240004 
Dendrobium violaceum AY240005 
Diplocaulobium ischnopetalum AY240007 
Dockrillia linguiforme AF321593 
Dockrillia pugioniformis AF321594 
Epigeneium amplum AY240010 
Epigeneium cymbidioides AY240011 
Epigeneium nakaharaei AY240012 
Epigeneium triflorum AY240013 
Flickingeria comata AY240015 
Grastidium baileyi AY240016 
Winika cunninghamii AY240019 
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Table S2.14 Accession numbers for sequences included 
in the Doodia phylogeny 
Genus Species rbcL 
trnL+trnL-
trnF 
Blechnum brasiliense AB040545 DQ683436 
Blechnum fraseri AB040553 DQ683390 
Blechnum patersonii AB040569 DQ683406 
Blechnum spicant AB040571 EF427640 
Doodia aspera AB040577 DQ683420 
Doodia australis - DQ683423 
Doodia kunthiana AB040578 DQ683424 
Doodia maxima DMU05921 - 
Doodia media DMU05922 - 
Doodia milnei - DQ683426 
Doodia mollis AB040579 DQ683428 
Doodia squarrosa AB040580 DQ683430 
Sadleria cyatheoides AF425103 DQ683431 
Woodwardia japonica AY137664 DQ683432 
Woodwardia prolifera AY137666 DQ683433 
Woodwardia radicans AY137667 DQ683434 
Doodia caudata XXXXXX XXXXXX 
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Table S2.15 Accession numbers for sequences included in the Grammitis phylogeny 
Genus Species rbcL trnL-trnF Genus Species rbcL trnL-trnF Genus Species rbcL trnL-trnF 
Calymmodon gracilis AY362341 - Grammitis havilandii EF178619 EF178652 Melpomene pseudonutans AY460657 - 
Calymmodon luerssenianus AY460618 - Grammitis hirtelloides AY460641 - Micropolypodium hyalinum AY362344 - 
Ceradenia aulaeifolia AY460619 - Grammitis holttumii EF178620 EF178653 Micropolypodium taenifolium AY460658 - 
Ceradenia jungermannioides AY460620 - Grammitis hookeri AY460642 EF178655 Micropolypodium zurquinum AY460659 - 
Ceradenia kalbreyeri AY460621 - Grammitis jagoriana EF178622 EF178656 Oleandra pistillaris U05639 - 
Ceradenia pilipes AY460622 - Grammitis knutsfordiana AY362342 EF178658 Polypodium glycyrrhiza U21146 - 
Ceradenia spixiana AY460623 - Grammitis kyimbilensis EF178624 EF178659 Prosaptia alata AY460660 - 
Chrysogrammitis musgraveana AY460624 - Grammitis melanoloma AY460643 - Prosaptia contigua AY362345 EF178663 
Cochlidium punctatum AY460625 - Grammitis nudicarpa XXXXXX XXXXXX Prosaptia obliquata AY460661 - 
Cochlidium rostratum AY460626 - Grammitis padangensis EF178625 EF178660 Prosaptia palauensis AY460662 - 
Cochlidium seminudum AY460627 - Grammitis parva AY460644 - Prosaptia pubipes AY460663 EF178664 
Ctenopteris aff.repandula AY460632 - Grammitis poeppigiana AY460646 - Scleroglossum sulcatum AY460664 - 
Ctenopteris heterophylla AY460628 - Grammitis pseudociliata AY460645 - Terpsichore achilleifolia AY460666 - 
Ctenopteris lasiostipes AY460630 - Grammitis reinwardtii AB232398 - Terpsichore alsopteris AY460667 - 
Ctenopteris nutans AY460631 - Grammitis reinwardtioides EF178626 EF178661 Terpsichore anfractuosa AY460668 - 
Ctenopteris repandula AY460633 - Grammitis tenella AF468198 AF469786 Terpsichore cultrata AY460669 - 
Ctenopteris rhodocarpa AY460634 - Grammitis wattsii - XXXXXX Terpsichore eggersii AF468209 AF469798 
Davallia solida AY096193 - Lellingeria apiculata AY362343 - Terpsichore hanekeana AY460670 - 
Enterosora percrassa AY460635 - Lellingeria hirsuta AY460649 - Terpsichore lanigera AY460671 - 
Enterosora trifurcata AY460636 - Lellingeria limula AY460650 - Terpsichore lehmanniana AY460673 - 
Grammitis aff.holttumii EF178621 EF178654 Lellingeria major EF178627 - Terpsichore longisetosa AY460674 - 
Grammitis baldwinii EF178616 EF178649 Lellingeria pseudomitchellae AY460652 - Terpsichore pichinchae AY460675 - 
Grammitis billardieri AY460637 - Lellingeria saffordii EF178628 EF178662 Terpsichore semihirsuta AY460676 - 
Grammitis bryophila AF468208 AF469797 Lellingeria schenckei AY460651 - Terpsichore senilis AY096208 - 
Grammitis ciliata AY460638 - Lellingeria sp. EF178630 - Terpsichore sp. AY460679 - 
Grammitis congener EF178617 EF178650 Lellingeria sp. EF178631 - Terpsichore subscabra AY460677 - 
Grammitis deplanchei AY460639 - Lellingeria subcoriacea EF178629 - Terpsichore subtilis AY460678 - 
Grammitis diminuta XXXXXX XXXXXX Lellingeria subsessilis AY460653 - Themelium tenuisectum AY362346 - 
Grammitis dolichosora EF178618 - Melpomene flabelliformis AY460656 - Xiphopteris conjunctisora AY460680 - 
Grammitis forbesiana AY460640 EF178651 Melpomene moniliformis AY460654 - 
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Table S2.16 Accession numbers for sequences included in the 
Geniostoma phylogeny 
Genus Species ITS trnL trnL-trnF 
Exacum appendiculatum FJ666036 FJ014140 FJ013957 
Exacum exiguum FJ666037 FJ014142 FJ013960 
Gardneria ovata - AF102427 AF102427 
Geniostoma rupestre DQ499096 AF102430 - 
Geniostoma rupestre DQ499095 - - 
Geniostoma angustifolium XXXXXX XXXXXX XXXXXX 
Geniostoma petiolosum XXXXXX XXXXXX XXXXXX 
Geniostoma borbonicum XXXXXX XXXXXX XXXXXX 
Geniostoma huttonii XXXXXX XXXXXX XXXXXX 
Labordia tinifolia - AF102447 - 
Logania albiflora DQ358879 AF102451 - 
Mitrasacme pilosa - AF102459 - 
Nerium oleander - DQ221125 DQ221167 
Spigelia hedyotidea AF178007 - - 
Spigelia texana AF178006 - - 
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Table S2.17 Accession numbers for sequences included in the Hymenophyllum phylogeny 
Genus Species rbcL rps4 Genus Species rbcL rps4 
Abrodictyum rigidum AY095108 AY095137 Hymenophyllum leratii AB191448 AY775421 
Crepidomanes latealatum AB083291 - Hymenophyllum lyallii AB162684 - 
Crepidomanes thysanostomum AB083294 - Hymenophyllum marginatum AB162692 AY775409 
Didymoglossum baileyanum AF275643 AY095129 Hymenophyllum microcarpum AB083289 - 
Didymoglossum cuspidatum AF537122 AY095144 Hymenophyllum mnioides AB217849 DQ077944 
Dipteris conjugata U05620 - Hymenophyllum moorei XXXXXX XXXXXX 
Gleichenia dicarpa AF313584 - Hymenophyllum nitidulum AB162683 - 
Hymenophyllum acanthoides AB083282 AY775434 Hymenophyllum oligosorum AB083280 AY775422 
Hymenophyllum apiculatum AF275642 AY095131 Hymenophyllum ooides AB191449 - 
Hymenophyllum armstrongii AB162691 AY095128 Hymenophyllum pallidum EU338467 AY775431 
Hymenophyllum australe AB191439 AY775412 Hymenophyllum palmatifidum AB162682 - 
Hymenophyllum barbatum AB083283 AY095124 Hymenophyllum paniense AB083275 AY775410 
Hymenophyllum braithwaitii AB162686 - Hymenophyllum pectinatum AB191450 AY095134 
Hymenophyllum caespitosa AB191456 AY095130 Hymenophyllum pilosissimum AB083287 - 
Hymenophyllum caudiculatum AB191442 AY775414 Hymenophyllum polyanthos EU122986 AY775425 
Hymenophyllum cf_acutum AB257473 - Hymenophyllum pulcherrimum AB191451 AY775426 
Hymenophyllum corrugatum AB191443 - Hymenophyllum rarum AB217845 - 
Hymenophyllum cruentum AB191455 AY095133 Hymenophyllum reniforme AB083290 AY095132 
Hymenophyllum cuneatum AY775401 AY775415 Hymenophyllum rolandi-principis AB083286 AY095143 
Hymenophyllum demissum AY775402 AY775416 Hymenophyllum sanguinolentum AB191452 AY775427 
Hymenophyllum deplanchei AB083284 AY095136 Hymenophyllum scabrum AB083278 AY775428 
Hymenophyllum digitatum EU122980 - Hymenophyllum secundum AF275648 AY095125 
Hymenophyllum dilatatum AB191444 AY095138 Hymenophyllum sibthorpioides AB162688 AY095127 
Hymenophyllum dimidiatum AB064289 AY775433 Hymenophyllum subdimidiatum AB083281 AY095140 
Hymenophyllum exiguum AB257488 - Hymenophyllum subobtusum AB083288 - 
Hymenophyllum ferrugineum AB191445 AF537124 Hymenophyllum taeniatum EU122987 - 
Hymenophyllum flabellatum EU122981 AY775417 Hymenophyllum tenellum AB191453 AY095126 
Hymenophyllum flexuosum AB217850 DQ077943 Hymenophyllum tunbrigense EU553547 AY095123 
Hymenophyllum frankliniae AB162690 - Hymenophyllum villosum AB191454 AY775429 
Hymenophyllum fuciforme AB191446 AY775418 Hymenophyllum wrightii AB083277 AY775430 
Hymenophyllum fucoides U20933 AY095142 Phanerosorus sarmentosus AF313583 - 
Hymenophyllum fuscum AB083285 AY775408 Polyphlebium diaphanum AB083292 AY775413 
Hymenophyllum heimii AY775404 AY775419 Stromatopteris moniliformis AY612685 AY095120 
Hymenophyllum hirsutum AY775407 AY775432 Trichomanes badium AB191440 AY095141 
Hymenophyllum howense XXXXXX XXXXXX Trichomanes elegans AB083295 - 
Hymenophyllum hygrometricum AY095113 AY095118 Trichomanes taeniatum AF275651 AY095121 
Hymenophyllum inaequale AY095112 AY095122 Vandenboschia birmanica AB083293 - 
Hymenophyllum javanicum AB191447 DQ077945 Abrodictyum tamarisciforme - AY095135 
Hymenophyllum lanceolatum AF275646 AY095119 
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Table S2.18 Accession numbers for sequences 
included in the Korthalsella phylogeny 
Genus Species ITS 
trnL + 
trnL-trnF 
Korthalsella clavata - AF055680 
Korthalsella complanata AF051966 AF055688 
Korthalsella cylindrica AF051959 - 
Korthalsella emersa XXXXXX XXXXXX 
Korthalsella japonica AF051971 AF055696 
Korthalsella latissima AF051965 AF055687 
Korthalsella lindsayi AF051954 AF055676 
Korthalsella papuana AF051951 AF055673 
Korthalsella platycaula AF051963 AF055685 
Korthalsella remyana AF051961 AF055681 
Korthalsella rubra XXXXXX XXXXXX 
Korthalsella salicornioides AF051952 AF055674 
Phoradendron rhipsalinum AF178719 - 
Phoradendron robinsonii AF178718 - 
Viscum album EU796892 - 
Viscum cruciatum AF180532 - 
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Table S2.19 Accession numbers for 
sequences included in the Macropiper 
phylogeny 
Genus Species ITS Acc. 
Macropiper excelsum AF275193 
Macropiper excelsum XXXXXX 
Macropiper hooglandii AF275192 
Macropiper melanostachyum EF635465 
Macropiper melchior DQ868759 
Macropiper puberulum AF275191 
Macropiper timothianum DQ868761 
Peperomia metallica DQ868762 
Peperomia reptilis FJ424438 
Peperomia tristachya FJ424439 
Macropiper latifolium FJ424440 
Piper macropiper EF060074 
Piper stipulare DQ868746 
Piper sylvaticum DQ868748 
Piper thomsonii DQ868749 
Piper tricolor DQ868750 
Piper vitiense DQ868752 
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Table S2.20 Accession numbers for sequences included in the Melicope 
phylogeny 
Genus Species trnL trnL-trnF ITS 
Acronychia oblongifolia EU493242 EU493242 EU493185 
Euodia hortensis DQ225966 DQ225898 DQ225812 
Euodia hupehensis EF489253 EF489253 DQ225814 
Euodia hylandii DQ225964 DQ225964 EU493186 
Euodia pubifolia EU493243 EU493243 - 
Melicope  bonwickii  DQ225958 - DQ225809 
Melicope cf_crassiramis - - DQ499138 
Melicope clusiifolia EU493235 EU493235 EU493178 
Melicope  contermina XXXXXX XXXXXX XXXXXX 
Melicope degeneri EU493236 EU493236 EU493179 
Melicope elleryana EU493241 EU493241 EU493184 
Melicope elliptica EU493237 EU493237 EU493180 
Melicope hivaoaensis EU493230 EU493230 EU493173 
Melicope inopinata EU493233 EU493233 EU493176 
Melicope knudsenii EU493225 EU493225 EU493168 
Melicope lucida EU493234 EU493234 EU493177 
Melicope nukuhivensis EU493232 EU493232 EU493175 
Melicope ovalis EU493226 EU493226 EU493169 
Melicope paniculata EU493228 EU493228 EU493171 
Melicope  polybotrya XXXXXX XXXXXX XXXXXX 
Melicope  pteleifolia  DQ225960 - DQ225806 
Melicope puberula EU493229 EU493229 EU493172 
Melicope quadrangularis EU493227 EU493227 EU493170 
Melicope revoluta EU493231 EU493231 EU493174 
Melicope  rubra  
 
DQ225957 
 
DQ225893  DQ225807 
Melicope simplex - - DQ499137 
Melicope sp. EF489255 EF489255 - 
Melicope  sp. Chase EU853807 EU853807 - 
Melicope  ternata  EU853808 EU853808 DQ225805 
Melicope  triphylla  DQ225961 DQ225894  - 
Melicope  vitiflora  DQ225962 DQ225895  DQ225811 
Platydesma rostrata EU493238 EU493238 EU493181 
Platydesma spathulata EU493239 EU493239 EU493182 
Sarcomelicope  simplicifolia  EU853816 EU853816 - 
Skimmia  japonica  EU853819 EU853819 - 
Spathelia  excelsa  EU853820 EU853820 - 
Triphasia  trifolia  EU853822 EU853822 - 
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Table S2.21 Accession numbers for sequences included in the Metrosideros phylogeny 
Genus Species ETS ITS 5S rps16 
trnL-
trnF 
Genus Species ETS ITS 5S rps16 
trnL-
trnF 
Callistemon comboynensis AM489897 AM234140 - - - Metrosideros nervulosa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Cloezia floribunda AY606255 AF172767 - - - Metrosideros nervulosa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Eucalyptus perriniana AM489907 AM234139 - - - Metrosideros nitida - AF172770 - - - 
Leptospermum scoparium AM489922 AM234142 - - - Metrosideros ochrantha - AF172748 - - - 
Metrosideros albiflora AY606241 DQ328799 - - - Metrosideros operculata AY606246 AF172733 - - - 
Metrosideros angustifolia AY606231 DQ328795 - - - Metrosideros oreomyrtus - AF172749 - - - 
Metrosideros bartlettii AF328046 AF172740 - - - Metrosideros ovata AY606232 DQ328793 - - - 
Metrosideros boninensis - AF172734 XXXXXX - XXXXXX Metrosideros paniensis AY606247 AF211503 - - - 
Metrosideros brevistylis AY606237 AF211496 - - - Metrosideros parkinsonii AY606248 DQ328796 - - - 
Metrosideros cacuminum AY606238 AF211497 - - - Metrosideros patens AY606249 AF211504 - - - 
Metrosideros carminea AY606243 AF211498 - - XXXXXX Metrosideros perforata AM489931 AM234141 - - - 
Metrosideros cherrieri - AF172768 - - - Metrosideros polymorpha dieteri AF328057 AF172750 - EU605432 - 
Metrosideros colensoi AY606242 AF211499 - - - Metrosideros polymorpha glaberrima AF328059 AF172751 - EU605472 - 
Metrosideros collina fruticosa AF328066 AF172756 - EU605373 - Metrosideros polymorpha incana AF328058 AF172752 - EU605448 - 
Metrosideros collina collina AF328068 AF328069 - EU605473 - Metrosideros polymorpha polymorpha AF328055 AF172753 - EU605456 - 
Metrosideros collina collina AF328063 AF172741 - - - Metrosideros polymorpha pumila AF328056 AF172754 - EU605470 - 
Metrosideros collina collina AF328067 AF328070 - EU605372 - Metrosideros porphyrea AY606251 AF211505 - - - 
Metrosideros collina collina AF328064 AF172737 - - - Metrosideros punctata - AF172755 - - - 
Metrosideros collina collina AF328065 AF172735 XXXXXX - XXXXXX Metrosideros ramiflora AY606235 DQ328798 - - - 
Metrosideros collina villosa AF328061 AF172742 - - - Metrosideros robusta AF328048 AF172758 - - - 
Metrosideros cordata AY606240 XXXXXX - - - Metrosideros rotundifolia AY606253 AF211507 - - - 
Metrosideros diffusa AY606236 AF211500 - - XXXXXX Metrosideros rugosa AF328060 AF172759 - EU605460 - 
Metrosideros dolichandra AY606239 AF211501 - - - Metrosideros cf_salomonensis AY606254 DQ328801 - - - 
Metrosideros engleriana - AF172736 - - - Metrosideros sclerocarpa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Metrosideros excelsa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX Metrosideros sclerocarpa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Metrosideros fulgens AY606244 DQ328800 - - - Metrosideros sclerocarpa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Metrosideros gregoryi - AF172769 - - - Metrosideros sclerocarpa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Metrosideros halconensis AY606234 DQ328797 - - - Metrosideros sepikensis - XXXXXX - - XXXXXX 
Metrosideros humboldtiana - AF172744 - - - Metrosideros sp. - AF172761 - - - 
Metrosideros kermadecensis XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX Metrosideros tetrasticha - AF172762 - - - 
Metrosideros kermadecensis XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX Metrosideros tremuloides AF328053 AF172763 - EU605400 - 
Metrosideros kermadecensis XXXXXX XXXXXX - XXXXXX XXXXXX Metrosideros umbellata - AF172764 - - - 
Metrosideros longipetiolata AY606245 AF211502 - - - Metrosideros waialealae AF328054 AF172765 - EU605440 - 
Metrosideros macropus AF328052 AF172745 - EU605396 XXXXXX Metrosideros whitakeri AY606252 AF211506 - - - 
Metrosideros microphylla - AF172746 - - - Metrosideros whiteana AY606233 DQ328794 - - - 
Metrosideros nervulosa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX Tepualia stipularis AM489969 AM234071 - - - 
Metrosideros nervulosa XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
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Table S2.22 Accession numbers for sequences included 
in the Microsorum phylogeny 
Genus Species rps4 
Microsorum scolopendria GQ256395 
Microsorum punctatum GQ256394 
Microsorum fortunei GQ256393 
Lepidomicrosorium buergerianum EU363260 
Microsorum zippelii DQ642203 
Microsorum membranifolium DQ642200 
Microsorum scandens DQ401128 
Microsorum pustulatum DQ401127 
Microsorum novae-zealandiae DQ401126 
Goniophlebium subauriculatum DQ168812 
Microsorum vieillardii DQ179637 
Microsorum grossum AY362695 
Microsorum commutatum AY362644 
Microsorum varians AY362638 
Microsorum musifolium AY362636 
Microsorum linguiforme AY362635 
Neocheiropteris superficialis AY725048 
Microsorum membranaceum AY725047 
 
  
230 
 
Table S2.23 Accession numbers for sequences 
included in the Myrsine phylogeny 
Genus Species clone ITS 
Anagallis arvensis 
 
EF436994 
Anagallis foemina 
 
EF436999 
Ardisia affinis 
 
FJ482148 
Ardisia villosa 
 
FJ482150 
Cyclamen parviflorum  AM990480 
Cyclamen repandum  AM990481 
Myrsine africana 
 
EU886863 
Myrsine aquilonia 
 
EU886864 
Myrsine argentea 
 
EU886865 
Myrsine australis 
 
EU886866 
Myrsine chathamica  EU886867 
Myrsine coxii 
 
EU886868 
Myrsine divaricata 
 
EU886870 
Myrsine faberi 
 
AF547731 
Myrsine kermadecensis  EU886874 
Myrsine mccomishii  XXXXXX 
Myrsine myrtillina x19c17 XXXXXX 
Myrsine myrtillina x19c18 XXXXXX 
Myrsine myrtillina x19c22 XXXXXX 
Myrsine nummularia  EU886875 
Myrsine oliveri 
 
EU886876 
Myrsine platystigma  XXXXXX 
Myrsine salicina 
 
EU886877 
Myrsine umbricola 
 
EU886878 
Rapanea howittiana  DQ499108 
Rapanea leucantha 
 
DQ499107 
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Table S2.24 Accession numbers for sequences included in the Olearia phylogeny 
Genus Species ITS Genus Species ITS 
Achillea millefolium AF046939 Olearia cordata AF497668 
Achnophora tatei AF497656 Olearia covenyi AF497711 
Artemisia rupestris AJ297261 Olearia elliptica_1 XXXXXX 
Aster novi-belgii AF497657 Olearia elliptica_2 AF497669 
Brachyscome heterodonta AF046955 Olearia ferresii AF497676 
Brachyscome humilis AF422113 Olearia flocktoniae AF497679 
Brachyscome multifida AF497658 Olearia floribunda AF497680 
Calotis cuneifolia AF497647 Olearia furfuracea AF497690 
Camptacra barbata AF247070 Olearia glulosa AF497682 
Camptacra gracilis AF247069 Olearia lasiophylla AF497652 
Celmisia asteliifolia AF497702 Olearia ledifolia AF497686 
Celmisia mackaui AF422115 Olearia magniflora AF497665 
Celmisia tomentella AF497704 Olearia megalophylla AF497707 
Chiliotrichum diffusum AF046945 Olearia microphylla AF497671 
Chrysanthemum nankingense AF314604 Olearia mooneyi XXXXXX 
Cotula coronopifolia AF422118 Olearia muellerii AF497666 
Damnamenia vernicosa AF422119 Olearia myrsinoides AF497708 
Dendranthema xgriflorum AF116239 Olearia nernstii AF497654 
Erigeron byei AF046974 Olearia nummularifolia AF497688 
Erigeron nitidus AF497659 Olearia oppositifolia AF497709 
Felicia aethiopica AF046941 Olearia paniculata AF497689 
Grangea maderaspatana AF046951 Olearia pannosa AF247065 
Kippistia suaedifolia AF497660 Olearia passerinoides AF497672 
Lagenifera panamensis AF046965 Olearia phlogopappa AF497655 
Lagenifera pumila AF422124 Olearia picridifolia AF497683 
Minuria cunninghamii AF247072 Olearia pimeleoides AF497673 
Minuria integerrima AF247074 Olearia ramosissima AF497674 
Minuria sp. AF247077 Olearia ramulosa DQ479033 
Olearia albida AF497687 Olearia rani AF497692 
Olearia angustifolia EU169118 Olearia rosmarinifolia AF497706 
Olearia arborescens AF497691 Olearia rudis AF497677 
Olearia argophylla AF247064 Olearia semidentata EF660541 
Olearia arguta AF497661 Olearia solri EF635483 
Olearia astroloba AF497646 Olearia sp. AF497693 
Olearia ballii XXXXXX Olearia stellulata AF497653 
Olearia calcarea AF497663 Olearia stuartii AF497678 
Olearia chathamica EF660540 Olearia teretifolia AF497675 
Olearia cheesmanii AF422130 Olearia tomentosa AF497650 
Olearia chrysophylla AF497710 Olearia traversii AF497695 
Olearia ciliata AF497667 Olearia virgata EF635481 
Olearia colensoi EF635482 
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Table S2.25 Accession numbers for sequences included in the 
Ophioglossum phylogeny 
Genus Species rbcL trnL-trnF 
Angiopteris lygodiifolia AY138397 - 
Botrychium ascendens L40982 - 
Botrychium atrovirens AY138402 - 
Botrychium campestre L40961 - 
Botrychium dissectum AY138401 - 
Cheiroglossa palmata AY138421 - 
Danaea elliptica AY138398 - 
Helminthostachys zeylanica AY138409 - 
Marattia sp. AY138399 - 
Ophioglossum coriaceum XXXXXX XXXXXX 
Ophioglossum costatum AY138418 AY138453 
Ophioglossum crotalophoroides AY138417 AY138452 
Ophioglossum engelmanii L11058 - 
Ophioglossum gomezianum AY138419 AY138454 
Ophioglossum gramineum AY138412 AY138448 
Ophioglossum lusitanicum DQ646002 - 
Ophioglossum nudicaule AY138416 - 
Ophioglossum pendulum AY138420 - 
Ophioglossum petiolatum AY138411 AY138447 
Ophioglossum pusillum AY138413 AY138449 
Ophioglossum reticulatum AY138410 AY138446 
Ophioglossum richardsiae AY138415 AY138451 
Ophioglossum vulgatum AY138414 AY138450 
Psilotum nudum L11059 - 
Tmesipteris oblanceolata U30836 - 
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Table S2.26 Accession numbers for sequences included in the Paspalum phylogeny 
Genus Species trnL atpB-rbcL trnG trnL-trnF 
Anthaenantiopsis rojasiana EU627361 EU627205 EU627283 EU627439 
Axonopus anceps EU871111 - - - 
Axonopus furcatus EU627358 EU627202 EU627280 EU627436 
Axonopus rosengurttii EU627362 EU627206 EU627284 EU627440 
Chasmanthium latifolium EU871113 - - - 
Paspalum acuminatum EU627356 EU627200 EU627278 EU627434 
Paspalum aff_jujuyense EU627357 EU627201 EU627279 EU627435 
Paspalum alcalinum EU627359 EU627203 EU627281 EU627437 
Paspalum almum EU627360 EU627204 EU627282 EU627438 
Paspalum arundinaceum EU871120 EU627207 EU627285 EU627441 
Paspalum arundinellum EU871115 - - - 
Paspalum atratum EU627364 EU627208 EU627286 EU627442 
Paspalum barretoi DQ100083 - - - 
Paspalum bertonii EU627365 EU627209 EU627287 EU627443 
Paspalum bicilium EU627366 EU627210 EU627288 EU627444 
Paspalum ceresia EU627367 EU627211 EU627289 EU627445 
Paspalum chacoense EU627368 EU627212 EU627290 EU627446 
Paspalum chaseanum EU871136 EU627213 EU627291 EU627447 
Paspalum commune EU871144 EU627214 EU627292 EU627448 
Paspalum compressifolium EU627371 EU627215 EU627293 EU627449 
Paspalum conduplicatum AY769158 - - - 
Paspalum conjugatum EU627372 EU627216 EU627294 EU627450 
Paspalum conspersum EU627374 EU627218 EU627296 EU627452 
Paspalum coryphaeum EU871145 - - - 
Paspalum cromyorhizon AY769159 EU627219 EU627297 EU627453 
Paspalum dasypleurum DQ104311 - DQ104291 DQ104321 
Paspalum dasytrichium EU871117 - - - 
Paspalum dedeccae AY769161 - - - 
Paspalum densum EU871108 - - - 
Paspalum denticulatum EU627376 EU627220 EU627298 EU627454 
Paspalum dilatatum DQ104303 EU627221 EU627299 EU627455 
Paspalum distichum EU871100 EU627222 EU627300 EU627456 
Paspalum durifolium EU871140 EU627223 EU627301 EU627457 
Paspalum ellipticum EU627380 EU627224 EU627302 EU627458 
Paspalum equitans AY769164 EU627225 EU627303 EU627459 
Paspalum erianthum EU871116 EU627226 EU627304 EU627460 
Paspalum exaltatum EU871127 EU627227 EU627305 EU627461 
Paspalum falcatum EU627384 EU627228 EU627306 EU627462 
Paspalum fasciculatum EU627385 EU627229 EU627307 EU627463 
Paspalum filifolium AY769165 - - - 
Paspalum fimbriatum EU871114 - - - 
Paspalum flaccidum AY769166 - - - 
Paspalum flavum EU627386 EU627230 EU627308 EU627464 
Paspalum foliiforme EU627387 EU627231 EU627309 EU627465 
Paspalum glabrinode EU871106 EU627232 EU627310 EU627466 
Paspalum guenoarum EU627389 EU627233 EU627311 EU627467 
Paspalum haumanii EU871129 EU627234 EU627312 EU627468 
Paspalum humboldtianum EU627391 EU627235 EU627313 EU627469 
Paspalum inaequivalve EU627392 EU627236 EU627314 EU627470 
Paspalum inconstans EU871123 EU627237 EU627315 EU627471 
Paspalum indecorum EU627394 EU627238 EU627316 EU627472 
Paspalum intermedium EU871103 EU627239 EU627317 EU627473 
Paspalum ionanthum EU627396 EU627240 EU627318 EU627474 
Paspalum juergensii AY769169 EU627241 EU627319 EU627475 
Paspalum lepton EU627398 EU627242 EU627320 EU627476 
Paspalum lilloi EU627399 EU627243 EU627321 EU627477 
Paspalum limbatum EU627400 EU627244 EU627322 EU627478 
Paspalum lineare EU627401 EU627245 EU627323 EU627479 
Paspalum macrophyllum EU871122 - - - 
Paspalum maculosum AY769172 EU627246 EU627324 EU627480 
Paspalum malacophyllum EU871099 EU627247 EU627325 EU627481 
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Paspalum mandiocanum EU627404 EU627248 EU627326 EU627482 
Paspalum millegrana EU871109 - - - 
Paspalum minus AY769173 - - - 
Paspalum modestum EU627405 EU627249 EU627327 EU627483 
Paspalum notatum AY769174 EU627250 EU627328 EU627484 
Paspalum nummularium DQ100082 - - - 
Paspalum orbiculatum EU627407 EU627251 EU627329 EU627485 
Paspalum ovale EU627408 EU627252 EU627330 EU627486 
Paspalum pallens AY769176 - - - 
Paspalum palustre EU871119 EU627253 EU627331 EU627487 
Paspalum paniculatum EU627410 EU627254 EU627332 - 
Paspalum pauciciliatum AY769177 - DQ104292 DQ104322 
Paspalum paucifolium EU627411 EU627255 EU627333 EU627489 
Paspalum pilosum EU627412 EU627256 EU627334 EU627490 
Paspalum plenum EU871133 - - - 
Paspalum plicatulum EU871125 EU627257 EU627335 EU627491 
Paspalum polyphyllum EU627414 EU627258 EU627336 EU627492 
Paspalum pumilum AY769178 EU627259 EU627337 EU627493 
Paspalum quadrifarium AY941151 AY941143 AY941131 AY941159 
Paspalum quarinii EU871132 EU627261 EU627339 EU627495 
Paspalum ramboi AY769179 - - - 
Paspalum regnellii EU871139 - - - 
Paspalum remotum EU627418 EU627262 EU627340 EU627496 
Paspalum repens EU627419 EU627263 EU627341 EU627497 
Paspalum rufum EU871126 EU627264 EU627342 EU627498 
Paspalum scrobiculatum EU627421 EU627266 EU627344 EU627500 
Paspalum setaceum EU627423 EU627267 EU627345 EU627501 
Paspalum simplex EU627424 EU627268 EU627346 EU627502 
Paspalum stellatum EU627425 EU627269 EU627347 EU627503 
Paspalum subciliatum AY769180 - - - 
Paspalum trichostomum EU627428 EU627272 EU627350 EU627506 
Paspalum unispicatum EU627429 EU627273 EU627351 EU627507 
Paspalum urvillei AY769181 - DQ104290 DQ104320 
Paspalum usteri EU627430 EU627274 EU627352 EU627508 
Paspalum vaginatum EU627431 EU627275 EU627353 EU627509 
Paspalum virgatum EU871137 EU627276 EU627354 EU627510 
Paspalum wrightii EU627433 EU627277 EU627355 EU627511 
Sacciolepis vilvoides EU871142 - - - 
Thrasyopsis juergensii EU627426 EU627270 EU627348 EU627504 
Thrasyopsis repanda EU627427 EU627271 EU627349 EU627505 
 
  
235 
 
Table S2.27 Accession numbers for sequences included in the Cheilanthes and Pellaea phylogeny 
Genus Species rps4 trnL-trnF Genus Species rps4 trnL-trnF 
Adiantum aleuticum DQ915577 - Doryopteris rediviva DQ914141 - 
Adiantum pedatum DQ915578 - Doryopteris triphylla DQ914139 - 
Aleuritopteris farinosa DQ914165 - Mildella intramarginalis DQ914164 - 
Argyrochosma fendleri DQ914125 DQ914209 Notholaena affinis DQ914166 - 
Argyrochosma incana EU831145 EU831181 Notholaena californica DQ914167 - 
Argyrochosma jonesii DQ914126 DQ914210 Notholaena candida DQ914168 - 
Argyrochosma limitanea DQ914127 DQ914211 Notholaena standleyi DQ914169 - 
Argyrochosma nivea DQ914128 DQ914212 Paraceterach muelleri DQ914112 DQ914203 
Aspidotis californica DQ914129 DQ914213 Paragymnopteris bipinnata DQ914113 DQ914204 
Aspidotis carlotta-halliae DQ914130 DQ914214 Paragymnopteris marantae EU831143 EU831179 
Aspidotis densa DQ914131 DQ914215 Paragymnopteris sargentii DQ914117 DQ914207 
Astrolepis cochisensis DQ914132 EU831184 Paragymnopteris vestita EU831144 EU831180 
Astrolepis integerrima EU831148 - Pellaea andromedifolia DQ914073 DQ914174 
Astrolepis sinuata DQ914137 DQ914218 Pellaea atropurpurea DQ914074 DQ914176 
Astrolepis windhamii DQ914134 EU831185 Pellaea brachyptera DQ914076 DQ914177 
Cheilanthes acrostica DQ914142 - Pellaea breweri DQ914077 DQ914179 
Cheilanthes alabamensis DQ914144 DQ914220 Pellaea bridgesii EU831118 EU831163 
Cheilanthes arizonica DQ914143 DQ914219 Pellaea calomelanos DQ914119 - 
Cheilanthes bonariensis EU831150 EU831186 Pellaea doniana DQ914120 - 
Cheilanthes buchtienii DQ914145 - Pellaea dura DQ914121 - 
Cheilanthes covillei DQ914146 DQ914221 Pellaea falcata DQ914085 DQ914182 
Cheilanthes distans DQ914147 - Pellaea glabella DQ914087 DQ914184 
Cheilanthes eatonii DQ914148 DQ914222 Pellaea gleichenioides DQ914138 - 
Cheilanthes feei EU831151 EU831187 Pellaea intermedia DQ914089 DQ914186 
Cheilanthes fendleri DQ914151 DQ914225 Pellaea longipilosa DQ914122 - 
Cheilanthes gracillima DQ914152 DQ914226 Pellaea lyngholmii EU831121 EU831166 
Cheilanthes lanosa DQ914153 DQ914227 Pellaea maxima DQ914123 - 
Cheilanthes lendigera DQ914154 DQ914228 Pellaea mucronata DQ914094 DQ914191 
Cheilanthes multifida DQ914155 - Pellaea notabilis DQ914099 DQ914194 
Cheilanthes newberryi EU831152 EU831188 Pellaea ovata EU831125 EU831170 
Pellaea nitidula - DQ432662 Pellaea paradoxa XXXXXX XXXXXX 
Cheilanthes notholaenoides DQ914156 DQ914229 Pellaea patula - DQ432663 
Cheilanthes parryi DQ914157 DQ914230 Pellaea paupercula - DQ432664 
Cheilanthes parviloba DQ914158 - Pellaea pectiniformis DQ914124 - 
Cheilanthes pringlei EU831153 EU831189 Pellaea rotundifolia DQ914084 DQ914181 
Cheilanthes sieberi EU831154 EU831190 Pellaea sagittata EU831126 EU831171 
Cheilanthes skinneri DQ914159 DQ914231 Pellaea sp UC1788706 DQ914098 DQ914192 
Cheilanthes tomentosa DQ914160 DQ914232 Pellaea ternifolia EU831130 EU831174 
Cheilanthes viridis DQ914162 - Pellaea trichophylla - DQ432661 
Cheilanthes wrightii DQ914163 DQ914233 Pellaea truncata DQ914107 DQ914199 
Cheilanthes yavapensis EU831155 EU831191 Pellaea wrightiana EU831136 EU831178 
Doryopteris nobilis DQ914140 - Adiantum capillus-veneris AY178864 DQ432689 
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Table S2.28 Accession numbers for sequences included in the Peperomia phylogeny 
Genus Species ITS trnL-trnF Genus Species ITS trnL-trnF 
Macropiper excelsum XXXXXX - Peperomia maypurensis FJ424436 - 
Peperomia andina FJ424416 - Peperomia metallica FJ424438 - 
Peperomia argyreia FJ424434 - Peperomia microphyllophora DQ868696 - 
Peperomia bicolor FJ424465 - Peperomia nivalis FJ424422 - 
Peperomia blanda FJ424455 EU519561 Peperomia obtusifolia DQ868697 - 
Peperomia caperata - EU519556 Peperomia pellucida FJ424437 EU519566 
Peperomia cavaleriei - EU519562 Peperomia pereskiifolia FJ424427 - 
Peperomia clusiifolia FJ424450 - Peperomia pernambucensis FJ424451 - 
Peperomia congesta DQ868692 - Peperomia pinoi FJ424417 - 
Peperomia cotyledon FJ424418 - Peperomia pitcairnensis FJ424459 - 
Peperomia cuspidilimba FJ424430 - Peperomia polystachya FJ424458 - 
Peperomia dahlstedtii FJ424432 - Peperomia ppucu-ppucu FJ424435 - 
Peperomia dolabella FJ424415 - Peperomia prostrata FJ424462 - 
Peperomia dolabriformis FJ424421 - Peperomia puteolata DQ868698 - 
Peperomia elongata AF275213 - Peperomia quadrifolia DQ868699 - 
Peperomia emarginella FJ424426 EU519576 Peperomia reptilis FJ424439 - 
Peperomia fagerlindii FJ424442 - Peperomia resediflora FJ424419 - 
Peperomia fernandopoiana - EU519565 Peperomia retusa - EU519564 
Peperomia galioides FJ424452 - Peperomia rhombea FJ424429 - 
Peperomia glabella FJ424454 EU519574 Peperomia rhomboidea DQ868700 - 
Peperomia gracillima FJ424414 - Peperomia rotundifolia FJ424460 - 
Peperomia graveolens FJ424420 - Peperomia sandwicensis - EU519572 
Peperomia hernandiifolia - EU519569 Peperomia serpens FJ424446 EU519577 
Peperomia hesperomannii - EU519571 Peperomia sodiroi FJ424441 - 
Peperomia hoffmannii FJ424431 - Peperomia sp. FJ424463 - 
Peperomia hylophila FJ424456 - Peperomia tetraphylla FJ424428 EU519557 
Peperomia inaequalifolia FJ424453 - Peperomia trifolia FJ424433 - 
Peperomia incana FJ424443 - Peperomia tristachya FJ424440 - 
Peperomia kamerunana - EU519570 Peperomia tuisana FJ424464 - 
Peperomia lanceolatopeltata FJ424448 - Peperomia urocarpa - EU519575 
Peperomia lancifolia FJ424457 - Peperomia urveillana XXXXXX XXXXXX 
Peperomia lehmannii FJ424423 - Peperomia verschaffeltii FJ424425 - 
Peperomia leptostachya - EU519573 Peperomia vestita FJ424461 - 
Peperomia longispicata FJ424444 - Peperomia vinasiana FJ424445 - 
Peperomia macrostachya FJ424447 - Piper stipulare DQ868746 - 
Peperomia magnoliifolia FJ424449 - Piper vitiense DQ868752 - 
Peperomia marmorata FJ424424 - 
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Table S2.29 Accession numbers for sequences included in the Polystichum phylogeny 
Genus Species rps4 Genus Species rps4 
Dryopteris subpycnopteroides DQ191880 Polystichum makinoi DQ202462 
Dryopteris subtriangularis DQ191881 Polystichum mayebarae DQ153079 
Dryopteris tsoongii DQ191882 Polystichum moorei AY164628 
Dryopteris uniformis DQ191883 Polystichum moupinense DQ151871 
Dryopteris wallichiana DQ191884 Polystichum neolobatum DQ202463 
Polystichum acutidens DQ202451 Polystichum neozelandicum AY164631 
Polystichum altum DQ151858 Polystichum nepalense DQ202465 
Polystichum attenuatum DQ151859 Polystichum nudisorum DQ151872 
Polystichum auriculum DQ151860 Polystichum oculatum AY164633 
Polystichum australiense AY164624 Polystichum omeiense DQ202466 
Polystichum brachypterum DQ202452 Polystichum oreodoxa DQ202467 
Polystichum chingae DQ151861 Polystichum parvifoliolatum DQ151873 
Polystichum christii DQ151862 Polystichum piceopaleaceum DQ151874 
Polystichum chunii DQ202453 Polystichum polyblepharum DQ202468 
Polystichum craspedosorum DQ202454 Polystichum proliferum AY164627 
Polystichum crinigerum DQ202455 Polystichum pseudomakinoi DQ202469 
Polystichum cystostegia AY164630 Polystichum punctiferum DQ151875 
Polystichum deltodon DQ202456 Polystichum pycnopterum DQ151876 
Polystichum dielsii DQ151863 Polystichum retrosopaleaceum DQ202470 
Polystichum discretum DQ151864 Polystichum semifertile DQ151877 
Polystichum disjunctum DQ151865 Polystichum setiferum AY164638 
Polystichum erosum DQ151866 Polystichum silvaticum AY164634 
Polystichum fallax AY164625 Polystichum sinotsussimense DQ151878 
Polystichum formosum AY164626 Polystichum stenophyllum DQ202471 
Polystichum fugongense DQ202458 Polystichum stimulans DQ151879 
Polystichum gongboense DQ151867 Polystichum subacutidens DQ151880 
Polystichum grandifrons DQ202459 Polystichum thomsonii EU106598 
Polystichum herbaceum DQ151868 Polystichum tripteron EU109280 
Polystichum jizhushanense DQ151869 Polystichum tsus-simense DQ151881 
Polystichum latilepis DQ202460 Polystichum vestitum AY164635 
Polystichum lentum AY164637 Polystichum wawranum AY164636 
Polystichum lichiangense EU106599 Polystichum whiteleggei AY164629 
Polystichum lonchitis EU031781 Polystichum xiphophyllum DQ151882 
Polystichum longipaleatum DQ202461 Polystichum yuanum DQ151883 
Polystichum longipinnulum DQ151870 
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Table S2.30 Accession numbers for sequences 
included in the Pteris phylogeny 
Genus Species rbcL 
Acrostichum aureum AB059586 
Acrostichum danaeifolium EF452129 
Actiniopteris dimorpha EF452130 
Actiniopteris radiata AF336100 
Adiantum raddianum U05906 
Adiantum tenerum EF452134 
Anogramma leptophylla AY168715 
Blechnum occidentale U05910 
Ceratopteris pteridoides AB059584 
Ceratopteris richardii AB059585 
Coniogramme fraxinea AM177359 
Cryptogramma crispa EF452148 
Jamesonia verticalis EF452155 
Neurocallis praestantissima EF452158 
Ochropteris pallens EF452160 
Onychium japonicum U05641 
Onychium plumosum AY266408 
Platyzoma microphyllum AY168721 
Pteris arborea EF452168 
Pteris argyraea EF452169 
Pteris brasiliensis EF473702 
Pteris comans EF469954 
Pteris cretica EF452170 
Pteris decurrens EF473703 
Pteris deflexa EF473704 
Pteris denticulata EF473705 
Pteris fauriei U05647 
Pteris lechleri EF473706 
Pteris leptophylla EF473707 
Pteris microptera XXXXXX 
Pteris multifida EF452171 
Pteris propinqua EF452172 
Pteris quadriaurita EF452173 
Pteris splendens EF473708 
Pteris tremula EF452174 
Pteris vittata U05941 
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Table S2.31 Accession numbers for sequences included in the Pterostylis 
phylogeny 
Genus Species ITS Genus Species ITS 
Megastylis glandulosus AF348042 Pterostylis mutica AY134640 
Pterostylis aff_barbata AY134625 Pterostylis nigricans AY134641 
Pterostylis alata AY134620 Pterostylis nutans EU681223 
Pterostylis allantoidea AY134621 Pterostylis obtusa XXXXXX 
Pterostylis aphylla EU681195 Pterostylis oliveri FJ473348 
Pterostylis atriola EU681197 Pterostylis ophioglossa AY134642 
Pterostylis australis AY134622 Pterostylis parviflora AY134643 
Pterostylis banksii AY134623 Pterostylis pedoglossa AY134644 
Pterostylis baptistii AY134624 Pterostylis pedunculata AY134645 
Pterostylis bicolor AY134626 Pterostylis plumosa AY134646 
Pterostylis bicornis AY134627 Pterostylis pratensis EU681239 
Pterostylis biseta AY134628 Pterostylis pyramidalis AY134647 
Pterostylis clavigera AY134629 Pterostylis recurva AY134648 
Pterostylis collina AY134630 Pterostylis rufa AF348056 
Pterostylis commutata EU681199 Pterostylis sanguinea AY134649 
Pterostylis concinna AY134631 Pterostylis sargentii AY134651 
Pterostylis cucullata AY134632 Pterostylis scabrida EU681240 
Pterostylis curta AF348054 Pterostylis smaragdyna AY134652 
Pterostylis cycnocephala AY134633 Pterostylis spathulata AY134653 
Pterostylis daintreana AF348055 Pterostylis stenochila EU681242 
Pterostylis decurva AY134634 Pterostylis tasmanica EU681245 
Pterostylis dilatata AY134635 Pterostylis taurus AY134654 
Pterostylis foliata AY134636 Pterostylis tunstallii EU681248 
Pterostylis graminea AY134637 Pterostylis turfosa AY134655 
Pterostylis grandiflora EU681211 Pterostylis vernalis AY134656 
Pterostylis laxa AY134638 Pterostylis vittata AY134657 
Pterostylis longifolia AY134639 Pterostylis williamsonii EU681252 
Pterostylis melagramma EU681220 Spiranthes vernalis EU384876 
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Table S2.32 Accession numbers for sequences included in the Rytidosperma phylogeny 
Genus Species atpB-rbcL ITS rpl16 trnL trnL-trnF 
Austrodanthonia alpicola EU400825 EU401260 EU400961 EU401113 EU401113 
Austrodanthonia auriculata EU400826 - EU400962 EU401114 EU401114 
Austrodanthonia bipartita EU400827 EU401261 EU400963 EU401115 EU401115 
Austrodanthonia caespitosa EU400829 EU401262 EU400964 EU401116 EU401116 
Austrodanthonia carphoides - EU401264 EU400966 EU401118 EU401118 
Austrodanthonia clavata EU400830 EU401265 EU400967 EU401119 EU401119 
Austrodanthonia duttoniana EU400831 EU401266 EU400968 EU401120 EU401120 
Austrodanthonia eriantha EU400832 EU401267 EU400969 EU401121 EU401121 
Austrodanthonia fulva EU400834 EU401268 EU400971 EU401123 EU401123 
Austrodanthonia geniculata EU400835 - EU400972 EU401124 EU401124 
Austrodanthonia induta EU400836 EU401269 EU400973 EU401125 EU401125 
Austrodanthonia laevis EU400837 AF019875 EU400974 EU401126 EU401126 
Austrodanthonia mera EU400838 EU401270 EU400975 EU401127 EU401127 
Austrodanthonia monticola EU400839 EU401271 EU400976 EU401128 EU401128 
Austrodanthonia oreophila EU400840 EU401272 EU400977 EU401129 EU401129 
Austrodanthonia penicillata EU400841 EU401273 EU400978 EU401130 EU401130 
Austrodanthonia pilosa EU400842 EU401274 EU400979 EU401131 EU401131 
Austrodanthonia popinensis EU400843 EU401275 EU400980 EU401132 EU401132 
Austrodanthonia racemosa EU400844 EU401276 EU400981 EU401133 EU401133 
Austrodanthonia richardsonii EU400845 EU401277 - EU401134 EU401134 
Austrodanthonia setacea EU400846 EU401278 EU400982 EU401135 EU401135 
Austrodanthonia tenuior EU400847 EU401279 EU400983 EU401136 EU401136 
Joycea clelandii EU400887 EU401314 EU401039 EU401201 EU401201 
Joycea lepidopoda EU400888 EU401315 EU401040 - - 
Joycea pallida EU400889 - - - - 
Notodanthonia gracilis EU400909 EU401322 EU401062 EU401221 EU401221 
Notodanthonia longifolia EU400911 EU401323 EU401064 EU401222 EU401222 
Notodanthonia semiannularis EU400912 EU401324 EU401065 EU401223 EU401223 
Notodanthonia unarede EU400913 EU401325 EU401066 EU401224 EU401224 
Rytidosperma australe EU400921 EU401384 EU401077 EU401234 EU401234 
Rytidosperma buchananii EU400923 EU401386 EU401078 EU401236 EU401236 
Rytidosperma dimidiatum EU400924 EU401387 EU401079 EU401237 EU401237 
Rytidosperma exiguum EU400925 EU401388 EU401080 EU401238 EU401238 
Rytidosperma fortunae EU400926 EU401389 EU401081 EU401239 EU401239 
Rytidosperma lechleri EU400927 EU401390 EU401082 EU401240 EU401240 
Rytidosperma maculatum EU400928 EU401391 EU401083 EU401241 EU401241 
Rytidosperma nitens EU400929 EU401392 EU401084 EU401242 EU401242 
Rytidosperma nivicola EU400930 EU401393 EU401085 EU401243 EU401243 
Rytidosperma nudiflorum EU400931 - EU401086 DQ218159 DQ218159 
Rytidosperma oreoboloides EU400932 DQ887179 EU401087 EU401244 EU401244 
Rytidosperma paschale EU400933 EU401394 EU401088 EU401245 EU401245 
Rytidosperma pauciflorum EU400934 EU401395 EU401089 EU401246 EU401246 
Rytidosperma pictum EU400935 EU401396 EU401090 EU401247 EU401247 
Rytidosperma pulchrum EU400936 EU401397 EU401091 EU401248 EU401248 
Rytidosperma pumilum EU400937 AF019878 EU401092 EU401249 EU401249 
Rytidosperma quirihuense EU400939 EU401399 EU401093 EU401251 EU401251 
Rytidosperma setifolium EU400940 EU401400 EU401094 EU401252 EU401252 
Rytidosperma telmaticum EU400941 EU401401 EU401095 EU401253 EU401253 
Rytidosperma thomsonii EU400942 EU401402 EU401096 EU401254 EU401254 
Rytidosperma vestitum EU400943 DQ887180 EU401097 EU401255 EU401255 
Rytidosperma vickeryae EU400944 EU401403 EU401098 EU401256 EU401256 
Rytidosperma violaceum EU400945 EU401404 EU401099 EU401257 EU401257 
Rytidosperma virescens EU400946 EU401405 EU401100 EU401258 EU401258 
Schismus arabicus EU400947 - - EU401259 EU401259 
Schismus barbatus EU400948 DQ218204 EU401101 DQ218167 DQ218167 
Schismus pleuropogon EU400949 DQ218222 EU401102 DQ218187 DQ218187 
Schismus scaberrimus EU400950 DQ218206 EU401103 DQ218169 DQ218169 
Tribolium acutiflorum EU400951 DQ218221 EU401104 DQ218186 DQ218186 
Tribolium brachystachyum EU400952 DQ218209 EU401105 DQ218172 DQ218172 
Tribolium ciliare EU400953 DQ218211 EU401106 DQ218175 DQ218175 
Tribolium echinatum EU400954 DQ218213 EU401107 DQ218177 DQ218177 
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Table S2.33 Accession numbers for sequences included 
in the Xylosma phylogeny 
Genus Species trnL Acc. 
trnL-trnF 
Acc. 
Flacourtia jangomas AY756946 AY757021 
Abatia spicata AY756977 AY756983 
Idesia polycarpa AY756922 AY757030 
Populus tremuloides AY756927 AY757054 
Banara domingensis AY756936 AY756990 
Casearia javitensis AY756899 AY757015 
Xylosma maidenii XXXXXX XXXXXX 
Xylosma parviflorum XXXXXX XXXXXX 
Xylosma cordata AY756969 AY757079 
Xylosma hispidula AY756970 AY757080 
Xylosma bahamensis AY756968 AY757078 
Xylosma vincentii AY756973 AY757083 
Xylosma venosa AY756972 AY757082 
Xylosma panamensis AY756971 AY757081 
Xylosma japonica XXXXXX XXXXXX 
Xylosma chlorantha XXXXXX XXXXXX 
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Table S2.34 Constraints used for molecular dating of phylogenetic reconstructions 
Genus Node Age conatrained at common ancestor of: Type Reference Distribution 
Min age / 
Mean age 
Max age 
/ 95%CI 
Clock type 
Adiantum A Adiantum, Hecisopteris estimate Schneider et al. 2004a, Schuettpelz et al. 2007 normal 76.92 +/-6.29 relaxed lognormal 
Alyxia A Apocynum, Nerium estimate Wikstrom et al. 2001 uniform 18 29 relaxed lognormal 
Alyxia B Root fossil (min) Wikstrom et al. 2001 uniform 45 53 relaxed lognormal 
Asplenium A Hymenasplenium, Asplenium 
scloopendrium,  Asplenium juglandifolium 
estimate Schneider et al. 2004a normal 55.22 +/-5.69 relaxed lognormal 
Asplenium B Asplenium scloopendrium,  Asplenium 
juglandifolium 
estimate Schneider et al. 2004a normal 40.21 +/-4.55 relaxed lognormal 
Coprosma A Coprosma, Opercularia fossil pollen (min) Dessein et al. 2005 uniform 23.8 33.7 relaxed lognormal 
Coprosma B Coprosma, Nertera fossil polen (min) Graham 2009 uniform 5.3 31.8 relaxed lognormal 
Coprosma C Root of Anthospermae estimate Bremer & Eriksson 2009 normal 31.8 +/-9 relaxed lognormal 
Cyathea A Cyathea, Dicksonia, Calocheana fossil (constraint) Pryer et al. 2004, Schneider et al.2004a  normal 161.56 +/-13.6 relaxed lognormal 
Cyathea B Dicksoina, Colocheana estimate Pryer et al. 2004 normal 129.47 +/-15.54 relaxed lognormal 
Doodia A Blechnum , Woodwardia fossil (min) Schneider et al. 2004a normal 58.17 +/-6.99 strict 
Geniostoma A Spigelia, Nerum, Exacum estimate Wikstrom et al. 2001 uniform 54 57 relaxed lognormal 
Geniostoma B Spigelia, Exacum estimate Wikstrom et al. 2001 uniform 46 52 relaxed lognormal 
Grammitis A Oleadra, Davalia, Polypodium estimate Schneider et al. 2004a, 2004b normal 49.57 +/-4.84 relaxed lognormal 
Howea A Acanthophoenix rubra, Tectiphiala ferox, 
Deckenia nobilis 
estimate Savolainen et al. 2006 normal 7.61 +/-1.7 relaxed lognormal 
Howea B Dictyosperma album,Rhopaloblaste 
ledermanniana 
estimate Savolainen et al. 2006 normal 7.75 +/-1.83 relaxed lognormal 
Howea C Chamaedorea microspadix, Gaussia maya, 
Wendlandiella gracilis, Hyophorbe 
lagenicaulis 
estimate Savolainen et al. 2006 normal 7.75 +/-0.02 relaxed lognormal 
Howea D Root estimate Savolainen et al. 2006 normal 88.93 +/-9.38 relaxed lognormal 
Korthalsella A Viscum, Korthalsella estimate Wikstrom et al. 2001, Molvray et al. 1999 uniform 26 44 relaxed lognormal 
Macropiper A Peperomia, Piper estimate Wikstrom et al. 2001 uniform 43 47 relaxed lognormal 
Metrosideros A Subg.Mearnsia, Metrosideros fossil seed 
capsules (min) 
Pole 2008, Sytsma et al. 2004  uniform 23.03 80 relaxed lognormal 
Metrosideros B Tepualia, Metrosideros, Cleozia fossil pollen (min) Pole 1994, Sytsma et al. 2004 uniform 65.5 80 relaxed lognormal 
Myrsine A Anagallis, Ardesia estimate Wikstrom et al. 2001 uniform 15 24 relaxed lognormal 
Ophioglossum A Ophioglossum, Botrychum estimate Pryer et al. 2004 normal 153.45 +/-11.98 relaxed lognormal 
Paspalum A Axonopus furcatus, Paspalum distichum estimate Vicentini et al. 2008 normal 18.5 +/-4.1 strict 
Pellaea and 
Cheilanthes 
A Bommeria, Adiantum fossil (min) Schneider et al. 2004a normal 83.4 +/-16.18 relaxed lognormal 
Peperomia A Peperomia, Piper estimate Wikstrom et al. 2001 normal 43 47 relaxed lognormal 
Polystichum A Polystichum, Dryopteris estimate Schneider et al. 2004a normal 96.7 +/-7.96 relaxed lognormal 
Pteris A Adiantum, Ceratopsis, Blechnum fossil (min) Schneider et al. 2004a normal 148.56 +/-9.44 relaxed lognormal 
Pterostylis A Megastylis, Pterostylis, Spiranthes estimate Ramirez et al. 2007 uniform 45 65 relaxed lognormal 
Xylosma A Idesia, Flacourtia, Populus, Abatia, Xylosma estimate Wikstrom et al. 2001 uniform 26 33 relaxed lognormal 
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Table S2.35 Run parameters for Bayesian phylogenetic reconstructions 
Genus Chain length Burnin Tree Prior Base Frequecies Substitution models  (Gene region) 
Adiantum 20million 2million speciation:yule process empirical GTR+G(rbcL) 
Alyxia 40million 4million speciation:yule process empirical GTR+G(rps16), GTR (trnL+trnL-trnF) 
Asplenium 40million 4million speciation:yule process empirical GTR+I+G(rbcL), GTR+G(trnL-trnF) 
Blechnum 120million 12million speciation:yule process empirical GTR+I+G(rbcL), GTR+G(trnL+trnL-trnF) 
Calystegia 20million 2million speciation:yule process empirical HKY+I (ITS) 
Carex 20million 2million speciation:yule process empirical GTR+I+G(ITS) 
Coprosma 40million 5million speciation:yule process empirical GTR+G(5S), GTR+I+G(ITS),GTR+G(rps16) 
Cryptocarya 40million 4million speciation:yule process empirical HKY+G(trnL) GTR+G(trnL-trnF) 
Cyathea 60million 16million speciation:yule process empirical GTR+I+G(rbcL), GTR+G(trnL-trnF) 
Dendrobium 20million 2million speciation:yule process empirical GTR+G(ITS) 
Doodia 280million 32million speciation:yule process empirical GTR+G(trnL+trnL-trnF), HKY+I(rbcL) 
Geniostoma 500million 50million speciation:yule process empirical GTR+G(ITS), GTR+G(trnL), GTR(trnL-trnF) 
Grammitis 40million 4million speciation:yule process empirical GTR+I+G(rbcL), HKY+G(trnL-trnF) 
Howea 400million 86million speciation:yule process empirical GTR+G(PRK), GTR + G(rpb2) 
Hymenophyllum 40million 4million speciation:yule process empirical GTR+I+G(rbcL), GTR+I+G(rps4) 
Korthalsella 80million 8million speciation:yule process empirical GTR+I+G(trnL + trnL-trnF), GTR+I+G(ITS) 
Macropiper 20million 2million speciation:yule process empirical HKY+G(ITS) 
Melicope 20million 2million speciation:yule process empirical GTR+I(ITS),GTR+G(trnL + trnL-trnF) 
Metrosideros 180million 18million speciation:yule process empirical HKY+G(ETS),GTR+I+G(ITS),GTR(5S),GTR(rps16),HKY(trnL-trnF) 
Microsorum 20million 2million speciation:yule process empirical GTR+G(rps4) 
Myrsine 60million 16million speciation:yule process empirical GTR+G(ITS) 
Olearia 20million 2million speciation:yule process empirical GTR+I+G(ITS) 
Ophioglossum 100million 10million speciation:yule process empirical GTR+I+G(rbcL),HKY+G(trnL-trnF) 
Paspalum 80million 8million speciation:yule process empirical GTR+G(atpB-rbcL),HKY+I+G(trnG),GTR+I+G(trnL),HKY+I+G(trnL-trnF) 
Pellaea and 
Cheilanthes 
20million 2million speciation:yule process empirical GTR+I+G(rps4),GTR+G(trnL-trnF) 
Peperomia 40million 4million speciation:yule process empirical GTR+I+G(ITS),GTR+G(trnL-trnF) 
Polystichum 20million 2million speciation:yule process empirical GTR+G(rps4) 
Pteris 20million 2million speciation:yule process empirical GTR+I+G(rbcL) 
Pterostylis 20million 2 million speciation:yule process empirical GTR+G(ITS) 
Rytidosperma 120million 12million speciation:yule process empirical HKY+G(atpB-rbcL), GTR+I+G(ITS), GTR+G(rpl16), HKY+G(trnL), GTR+G(trnL-trnF) 
Xylosma 220 million 22 million speciation:yule process empirical HKY+G(trnL), GTR+G(trnL-trnF) 
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Table S2.36 Gene regions included in Chapter 2 
Gene Type Description 
rbcL cpDNA ribulose 1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene 
rps16 cpDNA ribosomal protein S16 (rps16) gene 
trnL cpDNA tRNA-Leu (trnL) gene 
trnL-trnF cpDNA trnL-trnF intergenic spacer 
ITS nrDNA internal transcribed spacer 1, 5.8S ribosomal RNA gene and internal transcribed spacer 2 
atpB-rbcL cpDNA atpB-rbcL intergenic spacer 
5S nrDNA 5S nontrannscribed spacer 
rps4 cpDNA small ribosomal protein 4-like gene and rps4-trnS intergenic spacer region 
ETS nrDNA external transcribed spacer 
trnG cpDNA tRNA-Gly (trnG) gene, intron 
 
 
245 
 
Appendix III: Supplementary material for Chapter 3 
 
Table S3.1 Potential source regions of endemic LHI plant species ...................................... 246 
Table S3.2 Sources of phylogenetic information used to determine probable source of 
endemic species ..................................................................................................................... 247 
Table S3.3 Presence/abscence of native LHI plant species at different elevations and LDD 
mechanisms ............................................................................................................................ 248 
Table S3.4 Geographic properties of potential source regions used in GLIM analysis ........ 253 
 
 
 
246 
 
Table S3.1 Potential source regions of endemic LHI plant species. See Table S3.2 for references 
Genus Species 
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Asplenium milnei 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Asplenium pteridoides 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Asplenium surrogatum 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Blechnum fullagarii 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
Blechnum howeanum 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Brachyscome segmentosa 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carmichaelia exsul 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Chionochloa howensis 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Corokia carpodetoides 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Cryptocarya gregsonii 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyathea brevipinna 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Cyathea howeana 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Cyathea macarthurii 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Cyathea robusta 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Dendrobium moorei 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dietes robisoniana 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dracophyllum fitzgeraldii 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Grammitis diminuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Grammitis nudicarpa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Grammitis wattsii 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
Guioa coriacea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Hedyscepe canterburyana 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 
Howea belmoreana 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Howea forsteriana 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hymenophyllum howense 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
Hymenophyllum moorei 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Korthalsella emersa 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Macropiper hooglandii 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 1 0 1 0 
Melaleuca howeana 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melicope contermina 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 
Melicope polybotrya 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 
Metrosideros nervulosa 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Metrosideros sclerocarpa 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Negria rhabdothamnoides 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Olearia ballii 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Olearia mooneyi 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polystichum moorei 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polystichum whiteleggei 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pteris microptera 1 0 0 0 0 0 1 1 0 0 1 1 1 0 0 1 1 1 1 0 1 0 1 1 
Sophora howinsula 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 
Syzygium fullagarii 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
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Table S3.2 Sources of phylogenetic information used to determine probable source of 
endemic species 
Genus Species Reference phylogeny 
Asplenium milnei Chapter 2; Figure S2.1.3 
Asplenium pteridoides Chapter 2; Figure S2.1.3 
Asplenium surrogatum Chapter 2; Figure S2.1.3 
Blechnum fullagarii Chapter 2; Figure S2.1.4 
Blechnum howeanum Chapter 2; Figure S2.1.4 
Brachyscome segmentosa Denda et al. 1999 
Carmichaelia exsul Wagstaff et al. 1999 
Chionochloa howensis Pirie et al. 2010 
Corokia carpodetoides Heenan et al. 2010 
Cryptocarya gregsonii Chapter 2; Figure S2.1.8; Carpenter et al. 2010 
Cyathea brevipinna Chapter 2; Figure S2.1.9; Korall et al. 2007 
Cyathea howeana Chapter 2; Figure S2.1.9; Korall et al. 2007 
Cyathea macarthurii Chapter 2; Figure S2.1.9; Korall et al. 2007 
Cyathea robusta Chapter 2; Figure S2.1.9; Korall et al. 2007 
Dendrobium moorei Chapter 2; Figure S2.1.10; Burke et al. 2008 
Dietes robisoniana Goldblatt 1981 
Dracophyllum fitzgeraldii Wagstaff et al. 2010 
Grammitis diminuta Chapter 2; Figure S2.1.13 
Grammitis nudicarpa Chapter 2; Figure S2.1.13 
Grammitis wattsii Chapter 2; Figure S2.1.13 
Guioa coriacea van Welzen 1989 
Hedyscepe canterburyana Baker et al. 2009 
Howea belmoreana Baker et al. 2009 
Howea forsteriana Baker et al. 2009 
Hymenophyllum howense Chapter 2; Figure S2.1.15 
Hymenophyllum moorei Chapter 2; Figure S2.1.15 
Korthalsella emersa Chapter 2; Figure S2.1.16 
Macropiper hooglandii Chapter 2; Figure S2.1.17 
Melaleuca howeana Ladiges 1999 
Melicope contermina Chapter 2; Figure S2.1.18; Harbaugh et al. 2009 
Melicope polybotrya Chapter 2; Figure S2.1.18; Harbaugh et al. 2009 
Metrosideros nervulosa Chapter 2; Figure S2.1.19 
Metrosideros sclerocarpa Chapter 2; Figure S2.1.19 
Negria rhabdothamnoides Smith et al. 2006 
Olearia ballii Chapter 2; Figure S2.1.22; Cross et al. 2002 
Olearia mooneyi Chapter 2; Figure S2.1.22; Cross et al. 2002 
Polystichum moorei Chapter 2; Figure S2.1.27; Perrie 2003 
Polystichum whiteleggei Chapter 2; Figure S2.1.27; Perrie 2003 
Pteris microptera Chapter 2; Figure S2.1.28 
Sophora howinsula Mitchell & Heenan 2002 
Syzygium fullagarii Biffin et al. 2007; Craven & Biffin 2010 
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Table S3.3 Presence/abscence of native LHI plant species at different elevations and LDD mechanisms. (DECC NSW 
2007 = Department of Environment and Climate Change NSW 2007) 
Genus Species 
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Reference for dispersal mode 
Achyranthes aspera No 1 0 0 0 0 0 0 0 0 - - - 1 Bullock & Primack 1977 
Adiantum aethiopicum No 0 1 1 0 0 0 0 0 0 1 - - - Ridley 1905 
Adiantum hispidulum No - - - - - - - - - 1 - - - Ridley 1905 
Adiantum pubescens No - - - - - - - - - 1 - - - Ridley 1905 
Aegiceras corniculatum No 1 0 0 0 0 0 0 0 0 - 1 - - Ge & Sun 1999 
Agrostis aemula No - - - - - - - - - 1 - - 1 
Mouissie et al. 2005; Thorsen et 
al. 2009 
Alyxia lindii Yes 1 1 1 0 0 0 0 0 0 - - 1 - Edwards 2005 
Alyxia ruscifolia No 1 1 1 0 0 0 0 0 0 - - 1 - Edwards 2005 
Alyxia squamulosa Yes 0 0 0 0 0 0 1 1 1 - - 1 - Edwards 2005 
Apium prostratum No 1 0 0 0 0 0 0 0 0 - 1 - - Thorsen et al. 2009 
Arachniodes aristata No - - - - - - - - - 1 - - - Ridley 1905 
Arthropteris tenella No 1 1 1 0 0 0 0 0 0 1 - - - Ridley 1905 
Asplenium australasicum No 1 1 1 1 0 0 0 0 0 1 - - - Ridley 1905 
Asplenium milnei Yes 1 1 1 1 1 1 1 1 1 1 - - - Ridley 1905 
Asplenium polyodon No - - - - - - - - - 1 - - - Ridley 1905 
Asplenium pteridoides Yes 0 0 0 0 0 0 1 1 1 1 - - - Ridley 1905 
Asplenium surrogatum Yes 1 1 1 1 1 1 1 1 1 1 - - - Ridley 1905 
Atractocarpus stipularis Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Atriplex cinerea No 1 0 0 0 0 0 0 0 0 - 1 - - Heyligers 2009 
Avicennia marina No 1 0 0 0 0 0 0 0 0 - 1 - - Thorsen et al. 2009 
Baloghia inophylla No 1 1 1 1 1 0 0 0 0 - - 1 - Auld & Hutton 2004 
Baumea juncea No 1 0 0 0 0 0 0 0 0 - 1 - - Thorsen et al. 2009 
Blechnum contiguum No 0 0 0 0 0 0 0 1 1 1 - - - Ridley 1905 
Blechnum fullagarii Yes 0 0 0 0 0 0 0 1 1 1 - - - Ridley 1905 
Blechnum geniculatum Yes 0 0 0 0 0 0 0 1 1 1 - - - Ridley 1905 
Blechnum howeanum Yes 0 0 0 0 0 0 1 1 1 1 - - - Ridley 1905 
Blechnum patersonii No 0 0 0 0 0 0 0 1 1 1 - - - Ridley 1905 
Boehmeria calophleba Yes 1 1 1 1 1 1 1 1 0 1 - - - DECC NSW 2007 
Boerhavia tetrandra No - - - - - - - - - - - - 1 Batianoff et al. 2009 
Botrychium australe No - - - - - - - - - 1 - - - Ridley 1905 
Brachyscome segmentosa Yes 0 0 0 1 1 0 0 0 0 1 - - - DECC NSW 2007 
Bulbophyllum argyropus No 1 1 1 1 1 0 0 0 0 1 - - - Azevedo et al. 2007 
Bulbostylis densa No - - - - - - - - - - - - 1 Razi 1950 
Caesalpinia bonduc No 1 0 0 0 0 0 0 0 0 - 1 1 - DECC NSW 2007 
Calanthe triplicata No 1 1 1 1 1 1 0 0 0 1 - - - Ridley 1905  
Calystegia affinis No 1 0 0 0 1 1 1 0 0 - 1 - - Arafeh & Kadereit 2006 
Calystegia soldanella No 1 0 0 0 0 0 0 0 0 - 1 - - Arafeh & Kadereit 2006 
Canavalia rosea No 1 1 0 0 0 0 0 0 0 - 1 - - Batianoff et al. 2009 
Carex breviculmis No - - - - - - - - - - - 1 1 Thorsen et al. 2009 
Carex brunnea No - - - - - - - - - - - 1 1 Thorsen et al. 2009 
Carex inversa No - - - - - - - - - - - 1 1 Thorsen et al. 2009 
Carex pumila No 1 0 0 0 0 0 0 0 0 - - 1 1 Thorsen et al. 2009 
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Carmichaelia exsul Yes 0 0 0 1 1 1 1 1 0 - - 1 - 
DECC NSW 2007; Thorsen et al. 
2009 
Carpobrotus glaucescens No 1 1 0 0 0 0 0 0 0 - - 1 - DECC NSW 2007 
Cassinia tenuifolia Yes 1 1 1 1 1 1 0 0 0 1 - - - DECC NSW 2007 
Celtis conferta No 1 1 1 0 0 0 0 0 0 - - 1 - DECC NSW 2007 
Cephalomanes atrovirens No - - - - - - - - - 1 - - - Ridley 1905 
Cephalomanes bauerianum No - - - - - - - - - 1 - - - Ridley 1905 
Cheilanthes distans No - - - - - - - - - 1 - - - Ridley 1905 
Cheilanthes sieberi No - - - - - - - - - 1 - - - Ridley 1905 
Chionanthus quadristamineus Yes 1 1 1 1 1 1 0 0 0 - 1 - - DECC NSW 2007 
Chionochloa howensis Yes - - - - - - - - - 1 - - 1 
DECC NSW 2007; Thorsen et al. 
2009 
Christella dentata No - - - - - - - - - 1 - - - Ridley 1905 
Clematis glycinoides No 1 1 1 1 1 1 0 0 0 1 - - - Thorsen et al. 2009 
Commelina cyanea No 1 1 1 0 0 0 0 0 0 1 - - - DECC NSW 2007 
Coprosma huttoniana Yes 0 0 0 0 1 1 1 1 1 - - 1 - DECC NSW 2007 
Coprosma inopinata Yes 0 0 0 0 0 1 1 1 0 - - 1 - DECC NSW 2007 
Coprosma lanceolaris Yes 0 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Coprosma prisca Yes 1 1 1 1 0 0 0 0 0 - - 1 - DECC NSW 2007 
Coprosma putida Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Coprosma sp.nov Yes 0 1 0 0 0 1 0 0 0 - - 1 - Chapter 2 
Corokia carpodetoides Yes 0 0 0 0 0 0 1 1 1 - - 1 - 
DECC NSW 2007; van Balgooy 
1971 
Corybas barbarae No 0 1 0 0 0 0 0 0 0 1 - - - Ridley 1905 
Cotula australis No - - - - - - - - - 1 - - - DECC NSW 2007 
Crassula sieberiana No - - - - - - - - - - - 1 1 Thorsen et al. 2009 
Crinum asiaticum No 1 0 0 0 0 0 0 0 0 - 1 - - Meerow et al. 2003 
Cryptocarya gregsonii Yes 0 0 0 0 1 1 1 1 1 - - 1 - Carpenter et al. 2010 
Cryptocarya triplinervis No 1 1 1 1 1 1 0 0 0 - - 1 - Carpenter et al. 2010 
Cyathea brevipinna Yes 0 0 0 0 0 0 1 1 1 1 - - - Ridley 1905 
Cyathea howeana Yes 0 0 0 0 1 1 1 1 1 1 - - - Ridley 1905 
Cyathea macarthurii Yes 0 0 0 1 1 1 1 1 1 1 - - - Ridley 1905 
Cyathea robusta Yes - - - - - - - - - 1 - - - Ridley 1905 
Cyperus lucidus No 1 1 1 1 1 1 1 1 1 - 1 1 1 Harrison et al. 2001 
Dendrobium macropus No 1 1 1 1 1 0 0 0 0 1 - - - Ridley 1905 
Dendrobium moorei Yes 0 0 0 0 0 1 1 1 1 1 - - - Ridley 1905 
Dianella intermedia No 1 1 1 1 1 1 0 0 0 - - 1 - DECC NSW 2007 
Dichelachne crinita No - - - - - - - - - - - - 1 Thorsen et al. 2009 
Dietes robisoniana Yes 1 1 1 1 1 1 1 1 1 - 1 - - DECC NSW 2007 
Diplazium melanochlamys Yes - - - - - - - - - 1 - - - Ridley 1905 
Dodonaea viscosa No 1 1 1 1 1 1 0 0 0 1 1 - - Liu & Noshiro 2003 
Doodia aspera No - - - - - - - - - 1 - - - Ridley 1905 
Doodia caudata No - - - - - - - - - 1 - - - Ridley 1905 
Doodia media No 1 1 1 1 0 0 0 0 0 1 - - - Ridley 1905 
Dracophyllum fitzgeraldii Yes 0 1 1 1 1 1 1 1 1 1 - - - Thorsen et al. 2009 
Drypetes deplanchei No 1 1 1 1 1 1 0 0 0 - - 1 - DECC NSW 2007 
Dysoxylum pachyphyllum Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Echinopogon ovatus No - - - - - - - - - - - - 1 DECC NSW 2007 
Elaeocarpus costatus Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Elaeodendron curtipendulum No 1 1 0 0 0 0 0 0 0 - - 1 - Razi 1950 
Elatostema grande Yes 0 0 1 1 1 1 1 1 1 1 - - - DECC NSW 2007 
Elymus multiflorus No 1 0 0 0 0 0 0 0 0 1 - - 1 Thorsen et al. 2009 
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Epilobium billardierianum No - - - - - - - - - 1 - - - Thorsen et al. 2009 
Euchiton involucratus No - - - - - - - - - 1 - - - DECC NSW 2007 
Euphorbia psammogeton No 1 0 0 0 0 0 0 0 0 - 1 - - Benson & McDougall 1995 
Exocarpus homalocladus Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Ficus macrophylla No 1 1 1 1 1 1 0 0 0 - - 1 - DECC NSW 2007 
Flagellaria indica No 1 1 1 1 0 0 0 0 0 - - 1 - Snow 1981 
Gahnia xanthocarpa No 1 1 1 1 1 1 1 1 1 - - 1 1 DECC NSW 2007 
Geitonoplesium cymosum No 1 1 1 0 0 0 0 0 0 - - 1 - Snow 1981 
Geniostoma huttonii Yes 0 0 0 0 0 1 1 1 0 - - 1 - DECC NSW 2007 
Geniostoma petiolosum Yes 1 1 1 1 1 0 0 0 0 - - 1 - DECC NSW 2007 
Grammitis diminuta Yes 0 0 1 1 1 1 1 1 1 1 - - - Ridley 1905 
Grammitis nudicarpa Yes 0 0 0 0 0 0 0 1 1 1 - - - Ridley 1905 
Grammitis wattsii Yes 0 0 0 0 0 0 0 1 1 1 - - - Ridley 1905 
Guioa coriacea Yes 1 1 1 1 1 0 0 0 0 - - 1 - DECC NSW 2007 
Halophila ovalis No 0 0 0 0 0 0 0 0 0 - 1 - - Inglis 2000 
Hedyscepe canterburyana Yes 0 0 0 1 1 1 1 1 1 - 1 - - DECC NSW 2007 
Hibiscus diversifolius No - - - - - - - - - - 1 - - Harrison et al. 2001 
Hibiscus tiliaceus No 1 0 0 0 0 0 0 0 0 - 1 - - Harrison et al. 2001 
Histiopteris incisa No - - - - - - - - - 1 - - - Ridley 1905 
Homalanthus populifolius No 1 1 1 1 1 1 1 1 0 - - 1 - Crome 1975 
Howea belmoreana Yes 1 1 1 1 1 0 0 0 0 - 1 - - DECC NSW 2007 
Howea forsteriana Yes 1 1 1 1 0 0 0 0 0 - 1 - - DECC NSW 2007 
Huperzia varia No - - - - - - - - - 1 - - - Ridley 1905 
Hydrocotyle hirta No - - - - - - - - - - - 1 - Janzen 1984 
Hymenophyllum howense Yes 0 0 0 0 0 0 0 0 1 1 - - - Ridley 1905 
Hymenophyllum moorei Yes 0 0 0 0 0 0 0 0 1 1 - - - Ridley 1905 
Hypolepis elegans No - - - - - - - - - 1 - - - Ridley 1905 
Ipomoea pes-caprae No 1 0 0 0 0 0 0 0 0 - 1 - - Devall & Thien 1992 
Isolepis nodosa No 1 0 0 0 0 0 0 0 0 - 1 - - Guja et al. 2010 
Jasminum didymum No 1 1 1 1 1 0 0 0 0 - - 1 - McConkey et al. 2004 
Jasminum simplicifolium No 1 1 1 1 1 0 0 0 0 - - 1 - McConkey et al. 2004 
Korthalsella emersa Yes - - - - - - - - - - - 1 1 DECC NSW 2007 
Korthalsella rubra No - - - - - - - - - - - 1 1 DECC NSW 2007 
Lagunaria patersonia No 1 1 1 1 1 0 0 0 0 - 1 - - Koopman & Baum 2008 
Lastreopsis nephoriodes Yes - - - - - - - - - 1 - - - Ridley 1905 
Lepidium howei-insulae Yes - - - - - - - - - - - - 1 Thorsen et al. 2009 
Lepidium nesophilum Yes 1 1 1 1 1 1 1 0 0 - - - 1 Thorsen et al. 2009 
Lepidorrhachis mooreana Yes 0 0 0 0 0 0 0 1 1 - - - - - 
Leptopteris moorei Yes 0 0 0 0 0 0 0 0 1 1 - - - Ridley 1905 
Leptospermum polygalifolium No 1 0 0 0 0 0 0 1 1 1 - - - DECC NSW 2007 
Lepturus repens No - - - - - - - - - - 1 1 1 Batianoff et al. 2009 
Leucopogon parviflorus No 1 1 1 1 1 1 1 1 1 - - 1 - Stansbury 2001 
Lobelia anceps No 1 1 1 0 0 0 0 0 0 - - - 1 Thorsen et al. 2009 
Lordhowea insularis Yes - - - - - - - - - - - - - - 
Luzula longiflora Yes - - - - - - - - - - - - 1 Záveská Drábková & Vlcek 2010 
Machaerina insularis Yes 0 1 1 1 1 1 1 1 1 - - 1 - Cole et al. 1995 
Macropiper excelsum No 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Macropiper hooglandii Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Marattia howeana Yes - - - - - - - - - 1 - - - Ridley 1905  
Marsdenia rostrata No 1 1 1 1 1 1 1 0 0 1 - - - Butler et al. 2007 
Marsdenia tubulosa Yes 0 0 0 0 0 0 0 0 1 1 - - - Butler et al. 2007 
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Melaleuca howeana Yes 1 1 1 1 0 0 0 0 0 1 - - - DECC NSW 2007 
Melicope contermina Yes 0 1 1 1 1 1 1 1 1 - - 1 - Harbaugh et al. 2009 
Melicope polybotrya Yes 1 1 1 1 1 1 1 1 1 - - 1 - Harbaugh et al. 2009 
Melicytus novae-zelandae No 0 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
Metrosideros nervulosa Yes 0 1 1 1 1 1 1 1 1 1 - - - Wright et al. 2001 
Metrosideros sclerocarpa Yes 1 1 1 1 1 0 0 0 0 1 - - - Wright et al. 2001 
Microlaena stipoides No - - - - - - - - - - - - 1 Peart 1981 
Microtis unifolia No 1 1 1 1 1 0 0 0 0 1 - - - Ridley 1905 
Mucuna gigantea No 1 0 0 0 0 0 0 0 0 - 1 - - Smith 1992 
Muehlenbeckia complexa No 1 1 1 1 1 1 1 1 1 - - 1 - Burrows 1994 
Myoporum insulare No 1 1 1 1 1 1 0 0 0 - - 1 - Gillham 1960 
Myrsine mccomishii Yes 1 1 1 1 1 0 0 0 0 - - 1 - DECC NSW 2007 
Myrsine myrtillina Yes 0 0 0 0 1 1 1 1 1 - - 1 - DECC NSW 2007 
Myrsine platysigma Yes 1 1 1 1 1 0 0 0 0 - - 1 - DECC NSW 2007 
Negria rhabdothamnoides Yes 0 0 1 1 1 1 1 1 1 1 - - - DECC NSW 2007 
Nephrolepis cordifolia No - - - - - - - - - 1 - - - Ridley 1905 
Nicotiana forsteri No 1 1 0 0 0 0 0 0 0 - - 1 - Mummenhoff & Franzke 2007 
Ochrosia elliptica No 1 0 0 0 0 0 0 0 0 - 1 - - Smith 1994 
Olea paniculata No 1 1 1 1 0 0 0 0 0 - - 1 - Innis 1989 
Olearia ballii Yes 0 0 0 0 1 1 1 1 1 1 - - - DECC NSW 2007 
Olearia elliptica No 0 0 0 1 1 1 1 0 0 1 - - - DECC NSW 2007 
Olearia mooneyi Yes 0 0 0 0 0 0 0 1 1 1 - - - DECC NSW 2007 
Ophioglossum coriaceum No - - - - - - - - - 1 - - - Ridley 1905 
Ophioglossum pendulum No - - - - - - - - - 1 - - - Ridley 1905 
Ophioglossum petiolatum No - - - - - - - - - 1 - - - Ridley 1905 
Ophioglossum reticulatum No - - - - - - - - - 1 - - - Ridley 1905 
Oplismenus hirtellus No - - - - - - - - - - - - 1 Ridley 1905 
Oxalis corniculata No 1 1 1 1 1 1 1 1 1 - - 1 - Thorsen et al. 2009 
Pandanus fosteri Yes 1 1 1 1 1 1 1 0 0 - 1 - - DECC NSW 2007 
Pandorea pandorana No 1 1 1 1 1 1 1 1 1 1 - - - DECC NSW 2007 
Parietaria debilis No 1 0 0 0 0 0 0 0 0 1 - - - Thorsen et al. 2009 
Parsonsia howeana Yes 1 1 1 1 1 1 1 1 1 1 - - - DECC NSW 2007 
Paspalum distichum No - - - - - - - - - - - - 1 Harrison et al. 2001 
Paspalum vaginatum No - - - - - - - - - - - - 1 Harrison et al. 2001 
Passiflora herbertiana No 1 1 0 0 0 0 0 0 0 - - 1 - Ulmer & MacDougal 2004 
Pellaea falcata No - - - - - - - - - 1 - - - Ridley 1905 
Pellaea paradoxa No 0 1 0 0 0 0 0 0 0 1 - - - Ridley 1905 
Peperomia tetraphylla No 1 1 0 0 0 0 0 0 0 - - - 1 Thorsen et al. 2009 
Peperomia urvilleana No 1 1 1 1 1 1 1 1 1 - - - 1 Thorsen et al. 2009 
Phragmites australis No 1 0 0 0 0 0 0 0 0 1 - - - Fér & Hroudová 2009 
Phymatosorus pustulatus No - - - - - - - - - 1 - - - Ridley 1905 
Phymatosorus scandens No - - - - - - - - - 1 - - - Ridley 1905 
Pimelea congesta Yes 1 1 1 1 1 1 1 0 0 - - 1 - Burrows 2008 
Pisonia brunoniana No 1 1 0 0 0 0 0 0 0 - - - 1 Thorsen et al. 2009 
Pittosporum erioloma Yes 0 0 1 1 1 1 1 1 1 - - 1 1 Thorsen et al. 2009 
Plantago hedleyi Yes 0 0 0 0 1 1 1 1 1 - - - 1 Thorsen et al. 2009 
Platycerium bifurcatum No - - - - - - - - - 1 - - - Ridley 1905 
Plectorrhiza erecta Yes 1 1 1 1 1 0 0 0 0 1 - - - Ridley 1905 
Plectranthus graveolens No - - - - - - - - - - - - 1 Razi 1950 
Poa poiformis No 1 0 0 0 0 0 0 0 0 - - - 1 Myers et al. 2004 
Polyscias cissodendron No - - - - - - - - - - - 1 - DECC NSW 2007 
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Polystichum moorei Yes 1 0 0 1 0 0 0 0 0 1 - - - Ridley 1905 
Polystichum whiteleggei Yes 0 0 1 1 1 1 0 0 0 1 - - - Ridley 1905 
Pouteria myrsinoides No 1 1 1 1 0 0 0 0 0 - - 1 - Snow 1981 
Pseudognaphalium luteoalbum No - - - - - - - - - 1 - - - Dean et al. 1994 
Psilotum nudum No - - - - - - - - - 1 - - - Ridley 1905 
Psychotria carronis Yes 1 1 1 1 0 0 0 0 0 - - 1 - DECC NSW 2007 
Pteris microptera Yes - - - - - - - - - 1 - - - Ridley 1905 
Pteris tremula No - - - - - - - - - 1 - - - Ridley 1905 
Pterostylis curta No 0 1 0 0 0 0 0 0 1 1 - - - Ridley 1905 
Pterostylis obtusa No 0 1 1 1 1 1 1 1 1 1 - - - Ridley 1905 
Pterostylis pedunculata No 0 0 0 0 0 1 0 0 0 1 - - - Ridley 1905 
Pyrrosia confluens No - - - - - - - - - 1 - - - Ridley 1905 
Rytidosperma racemosum No - - - - - - - - - 1 - - 1 Thorsen et al. 2009 
Rytidosperma unarede No 0 0 0 0 0 1 0 0 0 1 - - - Thorsen et al. 2009 
Sarcocornia quinqueflora No 1 0 0 0 0 0 0 0 0 - 1 - - Thorsen et al. 2009 
Sarcomelicope simplicifolia No 1 1 1 1 0 0 0 0 0 - - 1 - Hartley 1982 
Scaevola taccada No 1 0 0 0 0 0 0 0 0 - 1 1 - Howarth et al. 2003 
Senecio howeanus Yes 1 1 1 1 1 0 0 0 0 1 - - - DECC NSW 2007 
Senecio pauciradiatus Yes 1 0 0 0 0 0 0 0 0 1 - - - DECC NSW 2007 
Sesuvium portulacastrum No 1 0 0 0 0 0 0 0 0 - 1 - - Lonard & Judd 1997 
Sicyos australis No - - - - - - - - - - - - 1 Thorsen et al. 2009 
Smilax australis No 1 1 1 1 1 1 1 1 1 - - 1 - Fenner 2000 
Solanum aviculare No 1 0 0 0 0 0 1 1 1 - - 1 - Stanley & Lill 2002 
Sophora howinsula Yes 1 1 1 1 0 0 0 0 0 - 1 - - DECC NSW 2007 
Spinifex hirsutus No 1 0 0 0 0 0 0 0 0 - 1 - - Heyligers 2007 
Sporobolus virginicus No 1 0 0 0 0 0 0 0 0 - - - 1 Harrison et al. 2001 
Stephania japonica No 1 1 1 1 1 1 1 0 0 - - 1 - DECC NSW 2007 
Sticherus lobatus No 0 0 0 0 0 0 0 0 1 1 - - - Ridley 1905 
Symplocos candelabrum Yes 1 1 1 1 1 1 1 1 1 - - 1 - Hanya 2005 
Syzygium fullagarii Yes 1 1 1 1 1 0 0 0 0 - - 1 - DECC NSW 2007 
Tetragonia implexicoma No - - - - - - - - - - - 1 - Calvino-Cancela 2011 
Tetragonia tetragonioides No 1 1 0 0 0 0 0 0 0 - - 1 - Calvino-Cancela 2011 
Tmesipteris truncata No - - - - - - - - - 1 - - - Ridley 1905 
Triglochin striata No 1 0 0 0 0 0 0 0 0 - - - 1 Kiviniemi & Telenius 1998 
Trophis scadens No 1 1 1 1 1 1 0 0 0 - - 1 - DECC NSW 2007 
Tylophora biglandulosa No 1 1 1 0 0 0 0 0 0 1 - - - Ridley 1905 
Typha domingensis No 1 0 0 0 0 0 0 0 0 1 - - - Thorsen et al. 2009 
Uncinia debilior Yes - - - - - - - - - - - - 1 Thorsen et al. 2009 
Vicia sativa No 1 0 0 0 0 0 0 0 0 - - - - - 
Vigna marina No 1 0 0 0 0 0 0 0 0 - 1 - - Nakanishi 1988 
Wahlenbergia gracilis No - - - - - - - - - 1 - - - Thorsen et al. 2009 
Wahlenbergia insulae-howei Yes - - - - - - - - - 1 - - - Thorsen et al. 2009 
Westringia viminalis Yes 1 1 1 1 1 1 0 0 0 1 - - 1 Guerin 2005 
Wollastonia biflora No 1 0 0 0 0 0 0 0 0 - 1 - - Harrison et al. 2001 
Xylosma maidenii Yes 1 1 1 1 1 0 0 0 0 - - 1 - DECC NSW 2007 
Xylosma parviflorum Yes 0 0 0 0 1 1 1 1 0 - - 1 - DECC NSW 2007 
Zanthoxylum pinnatum No 1 1 1 1 1 1 0 0 0 - - 1 - Porter 1976 
Zostera capricorni No 1 0 0 0 0 0 0 0 0 - 1 - - Rasheed 1999 
Zygogynum howeanum Yes 1 1 1 1 1 1 1 1 1 - - 1 - DECC NSW 2007 
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Table S3.4 Geographic properties of potential source regions used in GLIM analysis. d.d = decimal degrees 
Region name 
Minmum 
Distance to 
LHI (km) 
Maximum 
Distance to 
LHI (km) 
Land area of 
region (d.d
2
) 
Minimum latitudinal 
difference from LHI 
(d.d) 
Bearing 
to LHI 
(⁰) 
Africa 9873.46 18325.65 2559.933500 0.000 105 
Eurasia 8672.44 18731.05 5102.041900 44.302 139 
E. Asia 7219.54 11814.21 1023.975900 49.818 143 
S. E. Asia 7174.15 11718.27 481.591310 24.182 127 
Malesia 3734.34 7961.56 149.476500 20.594 124 
Philippines 5448.09 7051.73 25.554206 35.912 141 
New Guinea 2281.79 4551.83 70.110992 19.733 147 
Australia 596.64 4610.87 699.811190 0.000 105 
Antarctica - - - - - 
N. America 9419.10 15409.03 3463.467300 56.019 225 
S. America 10958.74 15378.40 1781.519500 0.000 260 
Norfolk island 867.31 880.46 0.011788 2.385 251 
New Zealand 1228.16 2594.40 28.944659 2.511 313 
Kermadec islands 2471.92 2589.81 0.181442 11.821 303 
New Caledonia 1220.09 1402.37 1.418405 8.582 208 
Fiji 2323.49 2754.76 1.678747 10.466 232 
Samoa 3204.70 3805.08 0.285066 17.024 235 
Tonga 2069.69 3410.75 0.207451 0.105 245 
Solomon Islands 2181.00 2995.81 3.389590 19.667 178 
The Loyalty Islands 1377.56 1447.32 0.225586 9.911 214 
New Hebrides 1634.84 2548.15 1.272946 11.324 205 
N. W. Pacific 2772.41 7230.29 0.952684 19.082 177 
Central Pacific 4395.39 7362.06 1.287694 3.573 250 
Hawaii 6755.84 7517.99 1.679124 50.421 218 
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Table S4.1 Collection locations and ecological data for M. nervulosa (NE) and M. sclerocarpa (SC) samples. (d.d = decimal degrees) 
Code Species 
Latitude 
(d.d) 
Longitude 
(d.d) 
Canopy 
cover (%) 
Soil 
H2O 
pH 
Altitude 
(m) 
Creek 
Distance (m) 
Coast 
Distance (m) 
Light 
Slope 
(⁰) 
Habitat 
Heterogeneity 
NE 
Wind 
AP013 NE -31.590883 159.072200 30 0.526 4.5 786 512 351 209 57.4 0.007 87.61 
AP031 NE -31.589317 159.072683 50 0.531 4 840 333 490 121 31.4 0.029 29.76 
AP141 NE -31.562783 159.088517 80 0.345 7.5 404 346 806 194 56.1 0.002 172.54 
AP145 NE -31.563300 159.090233 30 0.411 5 434 321 641 52 34.4 0.052 108.06 
AP146 NE -31.563367 159.090250 30 0.426 5 434 315 635 52 34.4 0.033 81.88 
AP147 NE -31.563367 159.090250 30 0.420 5 434 315 635 52 34.4 0.033 81.88 
AP148 NE -31.563367 159.090100 30 0.564 5.5 434 310 647 52 34.4 0.019 53.99 
AP149 NE -31.563367 159.090117 30 0.552 7 433 310 645 52 34.4 0.019 61.21 
AP152 NE -31.563450 159.089967 80 0.534 5.5 435 297 651 31 37.8 0.007 62.41 
AP153 NE -31.563450 159.089967 80 0.403 5.5 435 297 651 31 37.8 0.007 62.41 
AP154 NE -31.563450 159.090000 80 0.475 5.5 434 298 649 31 37.8 0.007 61.21 
AP243 SC -31.560767 159.087617 10 0.470 6 283 311 990 200 34.8 0.002 152.73 
AP244 SC -31.560733 159.087583 10 0.523 6 281 311 992 200 30.7 0.001 153.13 
AP245 SC -31.560683 159.087583 10 0.531 6 280 307 991 200 30.7 0.004 153.33 
AP246 SC -31.560683 159.087567 10 0.592 7 278 308 993 200 30.7 0.004 153.33 
AP268 NE -31.562717 159.088567 80 0.345 7 428 354 806 193 58.3 0.002 153.68 
AP273 NE -31.564033 159.089700 80 0.403 6 429 228 636 35 42.5 0.004 54.38 
AP285 SC -31.574050 159.073467 80 0.268 6 175 209 135 213 25.8 0.001 32.26 
AP288 SC -31.574017 159.073467 80 0.287 6 177 213 132 213 25.8 0.001 32.05 
AP289 SC -31.574100 159.074433 80 0.280 5.5 191 220 190 195 26.9 0.000 26.57 
AP295 SC -31.574433 159.075583 60 0.512 5.5 189 206 290 147 26.5 0.001 17.69 
AP296 SC -31.574733 159.076250 30 0.499 5.5 185 178 359 144 25.2 0.001 3.32 
AP297 SC -31.574733 159.076250 30 0.582 5.5 190 178 359 144 25.2 0.001 3.32 
AP299 SC -31.575500 159.077650 40 0.687 5.5 159 41 516 128 20.5 0.001 53.39 
AP300 SC -31.575550 159.077617 60 0.675 6.5 156 40 517 128 20.5 0.001 54.84 
AP301 SC -31.575550 159.077633 80 0.685 6 164 38 518 128 20.5 0.001 55.07 
AP303 SC -31.575450 159.077983 50 0.687 6 151 21 538 136 18.1 0.001 39.19 
AP304 SC -31.575983 159.078317 80 0.512 6 173 42 593 191 16.2 0.000 34.39 
AP305 SC -31.576100 159.078350 80 0.549 5 173 53 596 194 15.3 0.001 29.40 
AP306 SC -31.576983 159.078867 20 0.532 5.5 174 15 654 215 14.4 0.002 78.73 
AP309 SC -31.577467 159.078883 80 0.504 5.5 176 66 666 225 20.4 0.000 116.80 
AP313 SC -31.580633 159.081033 80 0.557 6 388 101 542 254 40.4 0.002 90.08 
AP331 SC -31.554300 159.094183 50 0.444 5 13 0 68 188 12.6 0.003 140.78 
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AP333 SC -31.554000 159.093817 50 0.490 7 16 17 102 135 14.4 0.002 105.88 
AP335 SC -31.553817 159.093583 50 0.487 6.5 19 10 126 150 9.7 0.002 118.72 
AP337 SC -31.553700 159.093583 40 0.362 6 30 13 128 157 6.9 0.001 97.59 
AP338 SC -31.553633 159.093517 40 0.356 6 31 8 136 157 6.9 0.001 96.38 
AP339 SC -31.553617 159.093417 50 0.373 7 31 1 145 158 7.7 0.001 107.55 
AP340 SC -31.553583 159.093400 40 0.362 6 33 2 148 158 7.7 0.001 104.52 
AP358 NE -31.562617 159.082350 70 0.528 7 385 225 639 211 48.3 0.012 133.38 
AP376 NE -31.581317 159.082033 0 0.345 5 499 125 421 228 28.8 0.011 113.70 
AP377 NE -31.581350 159.082000 0 0.370 5 505 121 421 209 30.1 0.011 115.90 
AP378 NE -31.581350 159.081967 0 0.345 5.5 507 118 423 209 30.1 0.011 112.85 
AP381 NE -31.581617 159.081800 30 0.421 5.5 518 97 414 227 37.9 0.019 177.64 
AP388 NE -31.582217 159.081517 30 0.515 7 563 94 397 182 39.4 0.013 166.79 
AP401 NE -31.581917 159.081767 80 0.381 6 544 98 396 167 36.4 0.014 170.26 
AP545 SC -31.556150 159.093233 50 0.315 4.5 81 68 271 195 9.5 0.001 138.44 
AP547 SC -31.559617 159.097783 60 0.654 6 1 5 44 191 14.9 0.005 136.26 
AP568 NE -31.546117 159.087317 70 0.228 9 57 42 111 191 29.9 0.001 151.17 
AP569 SC -31.546083 159.087367 50 0.269 8 59 43 106 191 30.0 0.002 153.97 
AP570 SC -31.546117 159.087383 50 0.278 8 65 47 110 191 30.0 0.000 154.77 
AP571 SC -31.546150 159.087400 70 0.282 8 65 50 113 192 29.5 0.000 154.00 
AP574 SC -31.554900 159.093800 70 0.427 7 27 13 132 179 8.5 0.002 176.76 
AP575 SC -31.554767 159.093783 90 0.423 7 23 7 124 167 11.8 0.002 163.52 
AP576 SC -31.554700 159.093767 60 0.430 7 28 3 122 167 11.8 0.003 159.60 
AP577 SC -31.554700 159.093850 60 0.528 6 27 11 115 167 11.8 0.003 171.24 
AP579 SC -31.554550 159.093833 40 0.536 6 20 2 109 160 16.9 0.003 169.33 
AP582 SC -31.554567 159.093950 40 0.342 7 19 7 99 177 16.2 0.003 178.23 
AP583 SC -31.554450 159.094133 40 0.482 6.5 18 9 78 193 14.9 0.002 139.07 
AP584 SC -31.554433 159.094133 80 0.478 6.5 13 7 77 188 12.6 0.002 136.96 
AP605 NE -31.584450 159.077467 0 0.386 4 820 32 631 201 7.4 0.001 62.23 
AP606 NE -31.584433 159.077433 10 0.367 4 825 31 635 211 10.9 0.002 63.25 
AP617 NE -31.563283 159.089300 40 0.481 6 436 302 713 39 42.5 0.002 44.06 
AP619 NE -31.563550 159.089100 30 0.407 6 436 270 713 33 45.2 0.003 61.46 
AP622 NE -31.563540 159.089000 30 0.376 7.5 436 270 721 29 44.0 0.003 47.35 
AP626 NE -31.563800 159.088083 40 0.460 6.5 462 232 784 0 51.5 0.001 89.32 
AP627 NE -31.563700 159.088183 30 0.370 7 455 243 780 0 51.5 0.002 80.44 
AP640 NE -31.564517 159.086617 90 0.413 6 475 214 883 0 63.4 0.005 89.95 
AP643 NE -31.565000 159.086167 30 0.712 7 477 216 909 0 60.2 0.004 73.26 
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AP645 NE -31.565000 159.086100 60 0.366 7.5 482 222 915 0 60.2 0.003 78.53 
AP646 NE -31.565083 159.086100 0 0.428 7 499 218 913 0 60.2 0.003 60.39 
AP659 SC -31.560467 159.098667 80 0.584 8.5 26 15 131 190 10.0 0.003 160.34 
AP660 SC -31.560583 159.098650 60 0.621 8.5 39 18 144 191 11.7 0.003 158.54 
AP661 SC -31.560800 159.098550 40 0.699 9 38 26 167 195 13.5 0.002 171.40 
AP662 SC -31.561017 159.098483 85 0.687 9 24 31 190 182 13.0 0.002 163.41 
AP663 SC -31.561033 159.098583 50 0.532 8.5 29 22 193 194 11.7 0.003 150.61 
AP664 SC -31.561133 159.098533 85 0.584 8.5 48 22 203 191 8.6 0.002 161.03 
AP672 SC -31.559700 159.097667 70 0.401 8 26 5 57 182 9.1 0.004 136.65 
AP674 NE -31.565450 159.085600 55 0.388 7 483 227 942 0 62.9 0.001 104.95 
AP677 NE -31.565767 159.085350 20 0.483 6.5 493 221 920 0 62.7 0.001 108.01 
AP681 NE -31.566150 159.085200 10 0.693 7.5 467 212 909 0 61.9 0.001 113.48 
AP692 SC -31.566983 159.085067 5 0.362 6.5 481 206 911 0 59.6 0.000 136.92 
AP696 NE -31.567183 159.085083 80 0.532 6.5 490 206 917 0 59.5 0.003 137.84 
AP697 NE -31.567550 159.085067 50 0.344 6 490 217 926 0 59.0 0.002 122.37 
AP699 NE -31.567550 159.085067 50 0.456 6 490 217 926 0 59.0 0.002 122.37 
AP700 NE -31.567550 159.085067 20 0.450 5.5 490 217 926 0 59.0 0.002 122.37 
AP701 NE -31.567550 159.085067 90 0.352 6 490 217 926 0 59.0 0.002 122.37 
AP702 NE -31.567550 159.085067 90 0.442 5 490 217 926 0 59.0 0.002 122.37 
AP714 SC -31.576817 159.078500 70 0.747 6 165 8 616 205 11.0 0.004 80.33 
AP716 NE -31.576800 159.078567 90 0.439 6 139 4 622 211 15.7 0.003 68.38 
AP717 SC -31.576800 159.078567 90 0.444 6 139 4 622 211 15.7 0.003 68.38 
AP718 SC -31.576800 159.078567 90 0.439 6 139 4 622 211 15.7 0.003 68.38 
AP719 SC -31.576817 159.078433 70 0.670 6 145 10 610 205 11.0 0.005 91.64 
AP722 SC -31.576817 159.078367 60 0.662 4 135 12 604 205 11.0 0.005 93.95 
AP723 SC -31.576833 159.078433 40 0.707 7.5 134 11 610 223 16.5 0.005 93.14 
AP725 SC -31.576717 159.078217 40 0.580 6 147 7 588 202 8.5 0.005 81.97 
AP728 SC -31.576617 159.078133 40 0.659 6 130 1 579 195 10.6 0.004 28.10 
AP729 SC -31.576567 159.077933 30 0.662 6 130 0 560 207 15.1 0.002 40.82 
AP736 SC -31.576550 159.077600 30 0.622 7 130 0 528 206 14.2 0.005 45.56 
AP737 SC -31.576617 159.077517 20 0.647 5.5 130 7 521 206 14.2 0.005 75.70 
AP741 SC -31.576517 159.077283 30 0.778 6 124 4 498 199 12.9 0.012 5.82 
AP752 NE -31.582000 159.081600 20 0.454 6.5 556 87 403 214 41.7 0.037 166.32 
AP763 NE -31.584517 159.077433 10 0.380 5 816 24 631 211 10.9 0.001 30.59 
AP772 NE -31.587350 159.074417 45 0.605 5 848 74 592 185 12.2 0.002 145.54 
AP774 NE -31.587350 159.074417 40 0.639 5.5 848 74 592 185 12.2 0.002 145.54 
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AP775 NE -31.587650 159.074283 30 0.643 5.5 847 107 568 114 19.1 0.008 84.96 
AP779 NE -31.588167 159.073733 35 0.595 4.5 871 184 541 98 22.5 0.025 178.70 
AP780 NE -31.587867 159.073983 10 0.542 5 857 144 559 103 21.1 0.006 93.70 
AP814 NE -31.562667 159.088433 50 0.406 9 432 358 820 193 58.3 0.006 140.88 
AP819 NE -31.584083 159.076883 80 0.604 5 792 11 699 237 62.7 0.015 55.59 
AP829 NE -31.583750 159.080350 50 0.472 4.5 747 228 440 39 42.7 0.060 153.20 
AP836 NE -31.582667 159.081083 50 0.439 6.5 630 116 411 202 40.2 0.007 98.93 
AP840 NE -31.582283 159.081467 60 0.515 7.5 584 96 397 154 39.6 0.014 170.45 
AP842 NE -31.581483 159.081867 5 0.358 5.5 555 105 420 242 38.3 0.016 141.50 
AP843 NE -31.581433 159.081867 0 0.370 5.5 548 106 423 242 38.3 0.011 122.48 
AP844 NE -31.581383 159.081850 0 0.345 7 538 106 428 242 38.3 0.011 108.40 
AP851 SC -31.580617 159.080750 90 0.693 6.5 370 78 562 253 39.2 0.000 94.55 
AP852 SC -31.580783 159.081017 80 0.437 6 401 91 531 254 40.4 0.002 89.85 
AP854 SC -31.580717 159.081150 70 0.445 7 408 105 527 253 40.1 0.004 101.50 
AP858 SC -31.580767 159.081317 40 0.489 5 409 110 512 252 39.9 0.002 108.82 
AP860 SC -31.580883 159.081517 65 0.591 6.5 422 110 490 251 39.0 0.001 110.24 
AP865 SC -31.580883 159.082233 45 0.493 6 442 162 432 233 30.3 0.006 118.74 
AP874 NE -31.580517 159.082583 40 0.427 8 447 212 421 222 22.0 0.031 79.95 
AP875 NE -31.580350 159.082617 10 0.422 8 449 226 427 239 31.1 0.005 97.02 
AP876 NE -31.580350 159.082617 60 0.687 5 449 226 427 239 31.1 0.005 97.02 
AP877 SC -31.580200 159.082817 90 0.669 5 456 252 417 234 27.4 0.004 112.99 
AP879 NE -31.580100 159.083167 15 0.459 6 447 285 393 142 20.6 0.020 140.53 
AP881 NE -31.579883 159.083250 10 0.459 6 436 306 397 228 28.7 0.018 120.48 
AP884 SC -31.578567 159.083883 55 0.563 8 375 237 446 237 27.2 0.006 73.67 
AP886 SC -31.578583 159.083917 50 0.701 7.5 375 240 443 237 27.2 0.005 79.08 
AP887 SC -31.577700 159.084267 80 0.435 5.5 350 176 503 207 13.3 0.003 64.33 
AP889 NE -31.577050 159.084550 15 0.467 6 341 162 489 196 10.8 0.002 37.14 
AP893 SC -31.576233 159.080100 90 0.644 5 242 72 754 167 15.3 0.000 11.22 
AP894 NE -31.576300 159.080033 80 0.523 5.5 239 64 753 163 15.5 0.000 9.23 
AP895 NE -31.576067 159.080750 50 0.490 5.5 203 96 798 162 19.1 0.001 11.62 
AP898 SC -31.576050 159.080967 35 0.454 6 218 100 816 168 21.0 0.002 17.52 
AP901 NE -31.574550 159.084967 50 0.514 7 449 297 586 127 23.5 0.014 9.92 
AP902 NE -31.573433 159.084767 60 0.421 7 457 391 676 0 48.2 0.012 69.77 
AP903 NE -31.573467 159.084550 15 0.415 7 455 378 692 0 51.3 0.035 103.37 
AP904 NE -31.573083 159.084067 10 0.523 6 469 403 753 0 52.6 0.060 83.49 
AP909 NE -31.573217 159.084483 5 0.509 7 467 402 712 0 58.9 0.009 111.74 
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AP911 NE -31.573300 159.084467 20 0.574 7 481 392 708 0 58.9 0.011 94.84 
AP916 NE -31.573700 159.084617 20 0.464 7 484 358 673 32 38.6 0.020 164.74 
AP943 NE -31.570967 159.080867 30 0.434 7 509 230 552 231 54.7 0.029 73.48 
AP946 NE -31.570967 159.080683 30 0.454 6 497 223 536 240 49.4 0.025 138.52 
AP947 NE -31.570983 159.080433 50 0.449 6 488 217 514 247 41.4 0.013 59.22 
AP950 NE -31.571117 159.079067 0 0.737 4 462 232 399 222 34.3 0.002 54.93 
AP951 NE -31.571217 159.078617 60 0.582 6 455 258 363 230 29.8 0.001 56.19 
AP952 NE -31.572217 159.075333 30 0.575 9 284 442 156 249 53.1 0.034 50.14 
AP953 SC -31.572217 159.075333 80 0.511 6.5 284 442 156 249 53.1 0.034 50.14 
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Table S5.1 Collection locations and ecological data for Coprosma samples. C. inopinata = IN, C. huttoniana = HU, C. lancerolaris = LA, C.putida-N 
= PUN, C. putida-S = PUS, C. sp. nov. = SP (d.d = decimal degrees). 
Code Species 
Pure 
bred 
Latitude 
(d.d) 
Longitude 
(d.d) 
Canopy 
cover (%) 
Soil 
H2O 
pH 
Altitude 
(m) 
Creek 
Distance (m) 
Coast 
Distance (m) 
Light 
Slope 
(⁰) 
Habitat 
Heterogeneity 
NE 
Wind 
AP006 PUN Yes -31.586950 159.075300 30 0.534 4 865 32 598 136 12.8 0.006 72.79 
AP007 HU Yes -31.590133 159.072367 10 0.525 4.5 823 428 409 170 64.2 0.048 13.31 
AP008 LA Yes -31.591150 159.072117 20 0.501 4.5 785 543 331 226 56.8 0.004 76.40 
AP009 HU No -31.591100 159.072167 30 0.539 4.5 783 536 338 226 56.8 0.006 119.00 
AP014 LA Yes -31.590883 159.072267 50 0.526 4.5 786 510 357 209 57.4 0.012 79.21 
AP015 HU Yes -31.590683 159.072233 60 0.520 4.5 782 490 365 205 59.1 0.004 29.19 
AP022 HU No -31.590433 159.072300 50 0.513 4 795 462 385 198 60.3 0.008 30.19 
AP028 HU Yes -31.589850 159.072500 50 0.522 4 817 394 438 145 55.5 0.040 24.89 
AP029 LA Yes -31.589883 159.072517 60 0.539 4 820 397 437 145 55.5 0.065 23.31 
AP034 HU Yes -31.584750 159.078750 70 0.588 4 832 94 507 111 25.8 0.017 164.74 
AP035 LA Yes -31.584650 159.078817 60 0.584 4 829 103 506 111 25.8 0.008 170.62 
AP037 HU No -31.583700 159.080417 70 0.426 4 649 226 439 0 54.1 0.068 139.58 
AP038 PUN Yes -31.583333 159.080717 70 0.465 4 644 186 423 134 35.7 0.002 134.53 
AP040 LA Yes -31.584717 159.078850 70 0.577 4 829 104 500 111 25.8 0.023 176.15 
AP049 PUN Yes -31.528833 159.071050 40 0.281 7.5 16 184 434 187 3.6 0.000 54.36 
AP055 PUN Yes -31.531917 159.076250 70 0.342 7.5 67 160 360 201 8.8 0.001 60.96 
AP060 PUN Yes -31.532467 159.077167 80 0.358 7.5 85 188 271 192 8.7 0.000 43.38 
AP067 PUN No -31.552667 159.081667 60 0.304 6 17 54 550 192 4.0 0.001 76.09 
AP068 PUN Yes -31.552617 159.082000 80 0.286 6.5 20 22 583 186 10.1 0.002 8.79 
AP069 PUN Yes -31.552617 159.082067 80 0.264 7 21 15 589 187 13.0 0.003 7.48 
AP072 PUS No -31.552633 159.083017 80 0.351 6.5 23 29 676 194 7.3 0.000 53.84 
AP078 PUN Yes -31.553500 159.086417 80 0.353 8 112 125 806 205 26.2 0.008 41.50 
AP082 PUN Yes -31.554017 159.086617 80 0.277 9 120 93 784 195 5.1 0.006 64.39 
AP083 PUN Yes -31.554000 159.086633 80 0.273 9 120 91 783 195 5.1 0.006 68.03 
AP097 PUN Yes -31.558900 159.086350 70 0.431 5.5 207 160 966 219 24.5 0.005 135.01 
AP098 PUS Yes -31.558700 159.086367 50 0.364 5.5 201 141 952 216 20.3 0.007 136.10 
AP099 PUN Yes -31.558533 159.086350 50 0.392 6 184 129 944 209 15.3 0.005 136.30 
AP100 PUN Yes -31.558517 159.086350 70 0.403 6 183 128 943 209 15.3 0.005 138.09 
AP101 PUN Yes -31.558500 159.086350 60 0.355 6.5 182 126 942 209 15.3 0.005 140.29 
AP107 PUN Yes -31.557817 159.086467 50 0.353 7.5 165 82 896 201 10.0 0.003 146.12 
AP118 PUN Yes -31.518267 159.053550 0 0.315 7 15 72 119 131 17.8 0.001 142.02 
AP134 PUN Yes -31.561250 159.087567 80 0.407 6 321 356 981 188 32.0 0.000 165.20 
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AP135 PUN Yes -31.561250 159.087600 70 0.418 6 323 354 979 188 32.0 0.000 163.71 
AP136 PUN Yes -31.561250 159.087633 80 0.394 6 324 352 976 188 32.0 0.001 160.16 
AP137 PUN Yes -31.561233 159.087683 80 0.550 6 325 348 974 188 32.0 0.000 158.01 
AP138 PUN Yes -31.561233 159.087683 70 0.577 5.5 325 348 974 188 32.0 0.000 158.01 
AP139 PUN Yes -31.561300 159.087617 70 0.553 5.5 324 357 974 186 31.6 0.001 160.97 
AP155 LA Yes -31.563333 159.089967 70 0.465 5.5 434 310 659 31 37.8 0.011 76.79 
AP157 LA Yes -31.563450 159.089933 70 0.572 4 433 296 654 31 37.8 0.007 62.94 
AP160 LA Yes -31.563483 159.090117 70 0.354 6 440 298 638 58 31.9 0.011 51.59 
AP161 LA No -31.563517 159.090083 70 0.531 6 443 294 638 40 37.6 0.012 45.39 
AP162 PUN Yes -31.563383 159.090100 70 0.292 5.5 441 308 646 52 34.4 0.019 56.10 
AP164 LA Yes -31.563367 159.090033 70 0.465 7 441 308 652 31 37.8 0.019 69.65 
AP165 LA No -31.563400 159.090000 70 0.423 6 437 303 652 31 37.8 0.011 67.72 
AP166 LA Yes -31.563383 159.090183 70 0.186 4 436 311 639 52 34.4 0.026 71.29 
AP172 PUN Yes -31.565500 159.075850 20 0.345 5 7 338 27 212 16.7 0.001 48.36 
AP173 PUN Yes -31.565483 159.075833 20 0.350 6 7 341 25 212 16.7 0.002 49.08 
AP176 PUN Yes -31.564517 159.075833 60 0.283 6 9 421 15 205 33.4 0.002 31.58 
AP253 LA Yes -31.561483 159.087567 60 0.533 6 320 377 965 188 34.1 0.002 156.20 
AP254 LA Yes -31.561517 159.087583 70 0.525 6 321 379 961 188 34.1 0.002 157.72 
AP266 LA Yes -31.562583 159.088017 70 0.438 6 399 367 858 153 60.7 0.008 144.99 
AP274 LA Yes -31.564033 159.089700 80 0.572 6 429 228 636 35 42.5 0.004 54.38 
AP275 LA Yes -31.562867 159.089500 10 0.186 7 437 351 726 166 55.3 0.015 146.84 
AP276 PUN Yes -31.562817 159.089483 10 0.164 6 435 356 730 166 55.3 0.015 147.50 
AP277 PUN Yes -31.562800 159.089483 10 0.177 6 431 358 732 166 55.3 0.015 148.25 
AP278 PUN Yes -31.562700 159.089250 10 0.423 6 431 365 756 178 55.4 0.004 145.48 
AP279 PUN Yes -31.562700 159.089217 10 0.423 6 433 365 758 182 55.9 0.004 143.33 
AP280 PUN Yes -31.562733 159.089017 10 0.292 6 438 358 771 187 56.8 0.003 139.03 
AP302 PUN Yes -31.575583 159.077633 70 0.687 6 164 36 520 140 16.6 0.001 55.47 
AP307 PUS Yes -31.577467 159.078783 80 0.512 5.5 173 69 656 225 20.4 0.001 120.61 
AP311 PUS Yes -31.578550 159.079433 70 0.669 6 223 94 752 221 21.6 0.000 113.55 
AP342 SP Yes -31.562683 159.081917 30 0.528 7 374 237 598 246 47.9 0.015 87.07 
AP343 SP Yes -31.562700 159.081900 20 0.509 7 370 236 596 246 47.9 0.013 85.01 
AP344 SP Yes -31.562900 159.081800 40 0.531 6 369 231 587 254 49.8 0.012 93.05 
AP345 PUN Yes -31.562917 159.081800 60 0.524 6 369 232 587 254 49.8 0.012 93.16 
AP346 SP Yes -31.562933 159.081750 10 0.500 7 369 228 583 249 52.4 0.012 83.79 
AP347 SP Yes -31.563083 159.081967 0 0.506 6 367 253 604 251 54.1 0.065 115.73 
AP348 PUN Yes -31.563050 159.081617 0 0.508 5 354 220 570 248 48.0 0.014 66.36 
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AP349 LA Yes -31.563050 159.081600 0 0.531 5 355 219 569 248 48.0 0.014 68.88 
AP351 SP Yes -31.562900 159.081933 0 0.515 6 327 244 600 249 53.1 0.033 115.13 
AP352 SP Yes -31.562633 159.081850 0 0.502 6 326 230 591 253 45.6 0.011 93.66 
AP353 PUN Yes -31.562717 159.081967 0 0.662 7 327 242 603 246 47.9 0.018 96.47 
AP354 SP Yes -31.562633 159.081750 0 0.533 7.5 349 220 582 253 45.6 0.008 94.17 
AP355 SP Yes -31.562783 159.081783 0 0.527 7 338 227 585 254 49.8 0.009 83.96 
AP359 PUN Yes -31.562583 159.082967 80 0.531 7 370 206 697 232 36.3 0.003 117.14 
AP360 LA No -31.558433 159.082267 60 0.662 7 197 93 605 215 14.3 0.002 118.01 
AP367 SP Yes -31.562733 159.081833 0 0.513 7 142 230 590 253 45.6 0.013 82.82 
AP379 LA No -31.581350 159.081967 0 0.370 5.5 507 118 423 209 30.1 0.011 112.85 
AP380 LA No -31.581617 159.081800 30 0.421 5.5 519 97 414 227 37.9 0.019 177.64 
AP382 LA No -31.581617 159.081817 30 0.411 5.5 518 99 413 227 37.9 0.019 179.50 
AP383 LA No -31.581683 159.081783 40 0.418 6 522 95 411 227 37.9 0.030 175.86 
AP384 LA Yes -31.581650 159.081817 60 0.422 6.5 524 99 411 227 37.9 0.030 178.15 
AP385 PUN Yes -31.581650 159.081817 60 0.428 6.5 523 99 411 227 37.9 0.030 178.15 
AP389 HU No -31.582217 159.081533 50 0.515 7 563 95 395 182 39.4 0.013 166.79 
AP390 HU Yes -31.582233 159.081517 40 0.527 6.5 562 95 396 154 39.6 0.013 165.14 
AP400 HU No -31.581917 159.081767 80 0.381 6 547 98 396 167 36.4 0.014 170.26 
AP409 IN Yes -31.592037 159.071705 - - - 716 649 255 0 71.0 0.157 153.6 
AP548 PUS Yes -31.559667 159.096317 50 0.356 5.5 31 29 157 167 7.5 0.001 163.38 
AP550 PUN Yes -31.559633 159.096283 70 0.368 5.5 30 25 159 165 8.6 0.001 154.70 
AP551 PUN Yes -31.559617 159.096333 60 0.370 5.5 31 24 154 165 8.6 0.001 152.66 
AP552 PUN Yes -31.559717 159.096367 80 0.334 5.5 31 35 154 167 7.5 0.000 173.38 
AP553 PUS Yes -31.559383 159.096100 80 0.385 4.5 33 5 171 157 10.1 0.000 131.23 
AP554 PUN Yes -31.559200 159.096133 80 0.314 4.5 33 24 167 158 8.7 0.000 124.86 
AP555 PUN Yes -31.558867 159.095633 90 0.309 4.5 36 74 213 174 9.3 0.000 160.89 
AP556 PUN Yes -31.543400 159.079800 70 0.281 7.5 25 171 273 224 17.2 0.001 92.86 
AP558 PUN Yes -31.543650 159.080300 90 0.342 8 39 198 319 225 17.4 0.001 99.98 
AP560 PUN Yes -31.543567 159.080200 70 0.387 8.5 41 194 310 229 20.2 0.000 110.38 
AP561 PUN Yes -31.543550 159.080283 70 0.344 5 44 202 318 229 20.2 0.000 91.50 
AP562 PUN Yes -31.543517 159.080350 60 0.341 5.5 45 206 324 229 20.2 0.001 105.70 
AP563 PUN Yes -31.543333 159.081633 70 0.385 9 44 133 255 212 19.9 0.001 144.54 
AP564 PUN Yes -31.543483 159.080517 40 0.319 8 44 195 340 231 21.1 0.001 100.31 
AP565 PUN Yes -31.543483 159.080633 60 0.311 8 46 189 350 235 22.9 0.000 99.75 
AP566 PUN Yes -31.544783 159.083517 90 0.278 7.5 41 36 193 207 38.1 0.006 138.45 
AP567 PUN Yes -31.544733 159.083700 80 0.291 7.5 42 26 178 214 38.0 0.004 141.81 
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AP572 PUN Yes -31.548583 159.091633 50 0.325 6 71 240 140 156 33.3 0.001 173.38 
AP573 PUN Yes -31.548583 159.091650 70 0.339 6 71 241 139 156 33.3 0.001 177.40 
AP585 PUN Yes -31.515683 159.049700 80 0.315 9 105 52 322 213 23.8 0.002 36.11 
AP586 PUN Yes -31.515650 159.049683 90 0.333 9 106 48 324 200 20.8 0.002 34.48 
AP587 PUN Yes -31.515517 159.049683 80 0.310 6.5 105 39 313 200 20.8 0.003 30.19 
AP588 PUN Yes -31.515483 159.049600 90 0.311 6.5 103 30 307 200 20.8 0.003 25.59 
AP589 PUN No -31.515533 159.049400 50 0.302 7 102 19 306 192 22.5 0.004 5.47 
AP590 PUN Yes -31.515517 159.049333 60 0.335 7 101 13 302 186 22.2 0.003 0.57 
AP591 PUN Yes -31.515567 159.049267 70 0.292 7 101 12 306 186 22.2 0.003 3.35 
AP592 PUN Yes -31.515617 159.049200 80 0.284 7 98 10 305 186 22.2 0.002 2.40 
AP593 PUN Yes -31.516200 159.048767 90 0.371 6 56 19 230 180 25.4 0.006 44.30 
AP594 PUN Yes -31.517367 159.047150 70 0.345 9 1 80 60 178 7.8 0.001 3.58 
AP595 PUN Yes -31.517500 159.046950 70 0.271 9 1 104 41 172 7.6 0.000 17.96 
AP596 PUN Yes -31.517517 159.046967 70 0.341 9 1 104 40 172 7.6 0.000 17.71 
AP597 PUN Yes -31.517450 159.047033 60 0.282 9 1 95 49 170 7.4 0.001 10.67 
AP598 PUN Yes -31.517417 159.047067 60 0.344 9 1 90 53 170 7.4 0.001 5.97 
AP599 HU Yes -31.584417 159.077500 40 0.387 4 826 36 630 201 7.4 0.002 64.81 
AP600 HU Yes -31.584417 159.077483 60 0.397 4 823 35 631 201 7.4 0.002 63.69 
AP601 HU Yes -31.584417 159.077467 30 0.368 4 825 34 633 201 7.4 0.002 61.89 
AP602 HU Yes -31.584417 159.077433 30 0.384 4 823 32 636 211 10.9 0.002 56.86 
AP603 HU Yes -31.584433 159.077417 50 0.590 4.5 823 30 636 211 10.9 0.002 68.57 
AP604 HU Yes -31.584467 159.077467 60 0.387 4 817 30 630 201 7.4 0.001 54.36 
AP608 LA Yes -31.584467 159.077483 70 0.474 4 821 31 629 201 7.4 0.001 53.93 
AP609 PUS Yes -31.584467 159.077483 50 0.623 5 821 31 629 201 7.4 0.001 53.93 
AP610 LA Yes -31.584467 159.077483 80 0.474 4 821 31 629 201 7.4 0.001 53.93 
AP611 PUS Yes -31.584433 159.077433 80 0.446 4.5 825 31 635 211 10.9 0.002 63.25 
AP612 PUN Yes -31.561383 159.087633 70 0.533 5.5 323 364 967 186 31.6 0.001 158.11 
AP613 PUN Yes -31.561517 159.087583 80 0.599 5 321 379 961 188 34.1 0.002 157.72 
AP614 HU Yes -31.563383 159.089600 60 0.460 7 437 296 684 21 42.8 0.002 55.15 
AP615 LA Yes -31.563383 159.089600 60 0.381 5.5 437 296 684 21 42.8 0.002 55.15 
AP616 PUN Yes -31.563417 159.089583 95 0.269 6 435 292 683 21 42.8 0.005 51.21 
AP618 LA No -31.563233 159.089217 40 0.442 6 437 306 723 121 19.1 0.001 47.44 
AP620 PUS No -31.563617 159.088550 70 0.458 6 426 255 754 1 45.8 0.003 75.83 
AP621 LA Yes -31.563750 159.088533 90 0.390 7.5 444 240 748 16 41.6 0.002 84.58 
AP623 PUS Yes -31.563767 159.088083 30 0.395 5.5 463 236 785 0 51.5 0.003 88.82 
AP624 PUN Yes -31.563767 159.087933 50 0.354 6.5 463 237 798 0 57.5 0.008 100.02 
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AP625 PUS Yes -31.563750 159.088183 40 0.394 5.5 462 238 778 0 51.5 0.002 83.54 
AP628 LA Yes -31.563983 159.087967 70 0.517 7 452 213 785 0 53.8 0.003 102.11 
AP629 LA Yes -31.564033 159.087933 80 0.434 6.5 452 208 785 0 51.3 0.003 101.67 
AP630 PUN Yes -31.564033 159.087933 90 0.480 6 452 208 785 0 51.3 0.003 101.67 
AP631 LA Yes -31.564133 159.087633 80 0.375 6 453 202 807 0 55.7 0.003 88.63 
AP632 PUN Yes -31.564133 159.087633 80 0.377 6 453 202 807 0 55.7 0.003 88.63 
AP633 LA Yes -31.564117 159.087050 60 0.347 7.5 451 225 859 0 62.9 0.004 93.60 
AP634 LA Yes -31.564067 159.086967 60 0.374 7 455 234 868 0 62.9 0.001 94.37 
AP635 LA Yes -31.564400 159.087200 10 0.453 7 455 191 834 0 54.9 0.001 79.23 
AP636 LA Yes -31.564367 159.087200 10 0.450 7 457 194 836 0 54.9 0.001 75.90 
AP637 PUN Yes -31.564400 159.087150 70 0.344 7.5 464 193 839 0 54.9 0.003 79.38 
AP638 LA Yes -31.564350 159.087100 10 0.453 7 470 200 845 0 61.5 0.003 71.61 
AP639 LA Yes -31.564367 159.087217 40 0.424 7.5 468 193 834 0 54.9 0.001 76.42 
AP642 LA Yes -31.565000 159.086167 30 0.712 7 477 216 909 0 60.2 0.004 73.26 
AP644 LA Yes -31.565000 159.086100 50 0.404 7.5 482 222 915 0 60.2 0.003 78.53 
AP647 LA Yes -31.565083 159.086100 20 0.428 7 499 218 913 0 60.2 0.003 60.39 
AP667 PUN Yes -31.561850 159.098400 70 0.426 7.5 54 0 232 196 5.9 0.004 112.40 
AP668 PUN Yes -31.563333 159.097367 90 0.346 5.5 87 85 109 105 20.6 0.012 103.85 
AP670 PUS Yes -31.564867 159.094600 50 0.379 6.5 145 107 230 164 19.7 0.000 180.00 
AP671 PUN Yes -31.564867 159.094600 80 0.379 6.5 145 107 230 164 19.7 0.000 180.00 
AP673 LA Yes -31.565417 159.085667 10 0.380 7 484 225 946 0 63.0 0.001 110.99 
AP675 LA Yes -31.565633 159.085467 0 0.570 8 483 222 930 0 61.2 0.001 101.42 
AP676 LA Yes -31.565583 159.085483 0 0.607 8.5 483 224 931 0 62.9 0.001 99.49 
AP678 LA Yes -31.565817 159.085383 40 0.491 6.5 491 216 923 0 62.3 0.001 110.32 
AP679 LA Yes -31.566067 159.085133 60 0.641 8 495 222 902 0 61.9 0.003 121.15 
AP680 LA Yes -31.566150 159.085200 20 0.693 7.5 467 212 909 0 61.9 0.001 113.48 
AP682 LA Yes -31.566167 159.085217 5 0.625 7.5 465 210 911 0 61.9 0.001 111.60 
AP683 LA Yes -31.566183 159.085183 10 0.494 7.5 465 212 908 0 61.5 0.002 110.09 
AP684 LA Yes -31.566333 159.084750 40 0.539 7.5 467 245 869 0 58.3 0.004 109.67 
AP685 LA Yes -31.566333 159.084750 40 0.544 7.5 467 245 869 0 58.3 0.004 109.67 
AP686 LA Yes -31.566683 159.084967 0 0.348 7.5 471 217 895 0 60.6 0.004 129.60 
AP687 LA Yes -31.566717 159.084933 0 0.361 7.5 470 220 893 0 61.0 0.004 121.35 
AP688 LA Yes -31.566883 159.085017 5 0.391 6.5 473 211 904 0 61.0 0.001 133.86 
AP689 LA Yes -31.566917 159.084967 5 0.436 6.5 470 215 900 0 61.2 0.004 131.88 
AP693 LA Yes -31.566983 159.085067 0 0.362 6 481 206 911 0 59.6 0.000 136.92 
AP694 LA Yes -31.567200 159.085050 85 0.532 6.5 490 209 915 0 59.5 0.000 140.01 
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AP698 LA Yes -31.567550 159.085067 40 0.456 6 490 217 926 0 59.0 0.002 122.37 
AP713 PUN No -31.576933 159.078700 70 0.701 5.5 166 14 637 223 16.1 0.003 77.98 
AP720 PUS No -31.576817 159.078433 50 0.670 6 145 10 610 205 11.0 0.005 91.64 
AP721 PUN No -31.576817 159.078367 50 0.565 7.5 135 12 604 205 11.0 0.005 93.95 
AP726 PUN No -31.576667 159.078133 30 0.375 6.5 147 5 580 202 8.5 0.004 61.21 
AP727 PUN Yes -31.576633 159.078033 40 0.544 5.5 148 4 570 207 15.1 0.004 47.78 
AP730 PUN No -31.576650 159.077783 80 0.367 7 135 11 547 226 18.6 0.003 61.93 
AP732 LA Yes -31.576667 159.077783 60 0.769 7 135 13 547 226 18.6 0.003 64.95 
AP733 LA Yes -31.576567 159.077583 80 0.622 7 168 2 527 206 14.2 0.005 47.19 
AP734 LA Yes -31.576583 159.077533 70 0.616 7 167 4 522 206 14.2 0.005 71.68 
AP735 PUN Yes -31.576600 159.077533 65 0.397 7 170 6 522 206 14.2 0.005 70.46 
AP738 LA Yes -31.576633 159.077533 60 0.647 5.5 131 9 523 206 14.2 0.005 87.49 
AP743 SP No -31.581917 159.081467 0 0.421 8 532 72 419 214 41.7 0.043 116.41 
AP744 LA Yes -31.581900 159.081483 0 0.435 8 548 72 419 214 41.7 0.033 115.41 
AP745 PUN No -31.581950 159.081467 0 0.417 8 547 73 417 214 41.7 0.043 120.09 
AP746 HU Yes -31.581967 159.081517 0 0.481 7 554 78 412 214 41.7 0.037 131.93 
AP747 LA Yes -31.582000 159.081517 0 0.489 7 554 80 410 214 41.7 0.037 138.95 
AP748 PUS Yes -31.582017 159.081517 20 0.467 7 555 81 409 214 41.7 0.023 144.81 
AP749 PUS Yes -31.582000 159.081600 20 0.454 6.5 556 87 403 214 41.7 0.037 166.32 
AP750 LA Yes -31.582000 159.081600 20 0.743 7.5 556 87 403 214 41.7 0.037 166.32 
AP751 HU No -31.582000 159.081600 20 0.749 7.5 556 87 403 214 41.7 0.037 166.32 
AP753 HU Yes -31.582933 159.081133 0 0.329 6 643 146 396 174 42.6 0.021 154.19 
AP754 LA Yes -31.582917 159.081117 5 0.452 7 644 144 398 174 42.6 0.021 146.05 
AP755 HU Yes -31.583000 159.080967 5 0.585 4.5 657 150 409 173 48.9 0.003 160.51 
AP757 PUS Yes -31.583617 159.080650 80 0.413 5 722 215 423 1 47.6 0.099 155.12 
AP758 HU Yes -31.584200 159.079417 60 0.688 5 765 176 484 148 27.7 0.004 179.94 
AP759 LA Yes -31.584667 159.079017 30 0.644 5 794 121 489 39 37.9 0.021 160.14 
AP760 HU Yes -31.584667 159.079000 40 0.649 5 798 119 490 39 37.9 0.021 164.79 
AP761 HU Yes -31.584567 159.077450 30 0.520 5 812 21 627 211 10.9 0.000 27.68 
AP762 HU No -31.584550 159.077467 40 0.514 5 819 23 627 201 7.4 0.000 33.21 
AP764 HU Yes -31.585933 159.076917 60 0.578 4 826 24 571 152 8.5 0.010 68.92 
AP765 HU Yes -31.586100 159.076700 80 0.619 4.5 836 30 575 146 10.1 0.003 82.50 
AP766 HU Yes -31.586083 159.076600 40 0.627 4.5 837 29 584 174 1.9 0.001 96.51 
AP767 PUS Yes -31.586800 159.075517 10 0.554 4.5 846 52 598 122 17.5 0.006 170.39 
AP769 HU Yes -31.586783 159.075433 40 0.574 4.5 847 44 604 122 17.5 0.005 90.15 
AP770 LA Yes -31.586967 159.075333 50 0.534 4 852 35 595 136 12.8 0.006 63.26 
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AP771 HU Yes -31.587283 159.074600 90 0.606 5 848 56 592 195 9.4 0.002 142.09 
AP773 HU Yes -31.587350 159.074417 80 0.605 5 848 74 592 185 12.2 0.002 145.54 
AP776 HU Yes -31.587817 159.073950 70 0.520 4.5 857 142 565 168 6.2 0.006 90.99 
AP806 SP Yes -31.562767 159.088233 5 0.344 8.5 421 347 829 177 57.5 0.001 142.83 
AP807 SP Yes -31.562667 159.088017 60 0.438 8 426 358 852 153 60.7 0.004 143.08 
AP808 SP Yes -31.562667 159.088017 30 0.429 8 426 358 852 153 60.7 0.004 143.08 
AP809 LA Yes -31.562667 159.088017 50 0.443 8 426 358 852 153 60.7 0.004 143.08 
AP810 SP Yes -31.562700 159.087983 60 0.452 8 430 355 853 153 60.7 0.001 139.18 
AP811 PUN Yes -31.562700 159.087983 10 0.455 8 430 355 853 153 60.7 0.001 139.18 
AP813 PUN Yes -31.562700 159.088117 90 0.328 9 432 354 842 153 60.7 0.001 135.17 
AP815 PUN Yes -31.562667 159.088433 50 0.345 9 432 358 820 193 58.3 0.006 140.88 
AP816 HU Yes -31.584367 159.076750 20 0.605 5.5 702 18 697 244 56.8 0.024 126.84 
AP817 LA Yes -31.584133 159.076650 10 0.587 5.5 774 10 685 230 66.5 0.008 108.18 
AP818 HU Yes -31.584100 159.076733 70 0.671 5 785 2 691 230 66.5 0.014 79.81 
AP821 PUN Yes -31.584767 159.078833 10 0.588 4 822 101 499 3 44.5 0.023 177.71 
AP822 HU Yes -31.584617 159.079117 40 0.647 5.5 808 131 483 39 37.9 0.020 147.88 
AP823 HU No -31.584317 159.079350 65 0.627 5 796 164 482 134 25.1 0.007 177.30 
AP824 HU Yes -31.584183 159.079550 50 0.581 4.5 787 188 474 148 27.7 0.008 169.61 
AP825 HU Yes -31.584050 159.079600 60 0.587 4 780 199 479 97 30.8 0.004 163.02 
AP826 LA Yes -31.584050 159.079600 60 0.551 4.5 780 199 479 97 30.8 0.004 163.02 
AP827 LA Yes -31.583750 159.080350 80 0.472 4.5 747 228 440 39 42.7 0.060 153.20 
AP828 HU Yes -31.583733 159.080350 60 0.426 5 746 229 441 39 42.7 0.060 151.72 
AP830 HU Yes -31.583683 159.080583 70 0.436 5.5 731 215 427 0 54.1 0.125 164.31 
AP831 LA Yes -31.583183 159.080883 60 0.465 5 694 170 411 133 45.7 0.013 135.63 
AP832 HU Yes -31.583100 159.080983 40 0.436 5.5 687 162 404 173 48.9 0.007 153.62 
AP833 PUN Yes -31.583017 159.081050 80 0.562 8 680 153 401 139 45.9 0.011 170.48 
AP834 LA Yes -31.582767 159.081017 70 0.556 8 654 126 413 223 46.4 0.012 62.45 
AP835 PUN Yes -31.582800 159.080967 50 0.566 8 632 128 416 200 47.6 0.013 65.85 
AP837 PUN Yes -31.582667 159.081083 60 0.439 6.5 630 116 411 202 40.2 0.007 98.93 
AP838 LA Yes -31.582383 159.081317 0 0.481 7 618 96 404 209 39.7 0.010 149.48 
AP841 LA Yes -31.582017 159.081650 0 0.381 7 559 92 398 214 41.7 0.013 175.38 
AP847 PUS Yes -31.580250 159.080417 90 0.466 6 351 68 613 249 33.4 0.001 89.96 
AP848 PUS Yes -31.580317 159.080367 60 0.403 5.5 351 60 612 247 31.4 0.001 78.38 
AP849 PUS No -31.580317 159.080367 70 0.406 5.5 351 60 612 247 31.4 0.001 78.38 
AP850 PUN Yes -31.580617 159.080750 50 0.632 7 370 78 562 253 39.2 0.000 94.55 
AP853 PUN Yes -31.580783 159.081017 90 0.437 7 401 91 531 254 40.4 0.002 89.85 
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AP855 LA Yes -31.580717 159.081150 70 0.381 7 408 105 527 253 40.1 0.004 101.50 
AP856 PUN Yes -31.580717 159.081150 80 0.431 9 408 105 527 253 40.1 0.004 101.50 
AP857 PUS Yes -31.580767 159.081317 80 0.489 5 409 110 512 252 39.9 0.002 108.82 
AP859 PUS Yes -31.580817 159.081433 75 0.557 7 411 111 501 253 39.1 0.001 107.57 
AP861 LA No -31.580883 159.081517 90 0.591 6.5 422 110 490 251 39.0 0.001 110.24 
AP863 PUN No -31.580917 159.081767 60 0.522 7.5 412 124 470 247 38.4 0.001 110.91 
AP864 PUN Yes -31.580883 159.082233 50 0.493 6 442 162 432 233 30.3 0.006 118.74 
AP866 HU No -31.580867 159.082267 20 0.478 6 451 166 430 233 30.3 0.014 120.68 
AP867 PUN Yes -31.580767 159.082333 40 0.438 5.5 449 177 429 225 21.7 0.012 113.77 
AP868 PUN Yes -31.580750 159.082350 60 0.458 5.5 453 180 429 225 21.7 0.012 108.42 
AP869 PUN Yes -31.580733 159.082333 50 0.431 7.5 453 179 431 225 21.7 0.008 107.10 
AP870 PUN Yes -31.580533 159.082583 50 0.446 7.5 451 211 420 222 22.0 0.031 80.77 
AP871 HU No -31.580533 159.082583 80 0.536 6.5 451 211 420 222 22.0 0.031 80.77 
AP873 LA Yes -31.580467 159.082667 10 0.705 6.5 455 222 416 222 22.0 0.017 75.91 
AP878 PUN Yes -31.580200 159.082817 80 0.669 5 456 252 417 234 27.4 0.004 112.99 
AP880 PUS Yes -31.580100 159.083167 30 0.459 6 447 285 393 142 20.6 0.020 140.53 
AP882 PUN Yes -31.579367 159.083467 70 0.442 6 407 310 412 239 37.9 0.002 95.87 
AP885 PUS No -31.578567 159.083900 60 0.701 7.5 375 238 445 237 27.2 0.006 77.69 
AP888 PUS Yes -31.577700 159.084267 80 0.445 5.5 350 176 503 207 13.3 0.003 64.33 
AP890 LA Yes -31.577050 159.084500 70 0.705 6.5 359 157 493 196 10.8 0.002 39.50 
AP891 PUN Yes -31.576417 159.083717 70 0.449 5.5 337 77 584 189 26.8 0.002 30.28 
AP892 PUS No -31.575500 159.081350 90 0.435 5.5 262 156 822 169 20.3 0.000 5.89 
AP899 PUN Yes -31.575367 159.083700 80 0.425 6 269 154 633 152 29.9 0.001 7.10 
AP900 LA Yes -31.575367 159.083700 70 0.416 6 269 154 633 152 29.9 0.001 7.10 
AP905 LA Yes -31.573083 159.084067 20 0.494 6 469 403 753 0 52.6 0.060 83.49 
AP907 LA Yes -31.573083 159.084333 10 0.467 7 461 411 732 0 58.6 0.024 133.22 
AP910 LA Yes -31.573283 159.084333 35 0.621 7 471 390 720 0 59.4 0.028 95.37 
AP912 LA Yes -31.573300 159.084467 20 0.574 7 481 392 708 0 58.9 0.011 94.84 
AP913 LA Yes -31.573633 159.084533 0 0.488 8 480 361 684 22 40.7 0.067 159.45 
AP914 LA Yes -31.573683 159.084633 10 0.468 8 485 360 673 32 38.6 0.020 169.42 
AP915 PUN Yes -31.573700 159.084617 20 0.464 7 484 358 673 32 38.6 0.020 164.74 
AP917 PUN Yes -31.573833 159.084500 20 0.408 6.5 485 340 672 74 32.7 0.064 18.66 
AP918 PUN Yes -31.573800 159.084467 70 0.413 6.5 484 342 676 74 32.7 0.064 6.05 
AP919 LA Yes -31.573800 159.084450 40 0.420 6.5 489 341 678 74 32.7 0.032 3.72 
AP922 LA Yes -31.573433 159.083933 20 0.518 8.5 489 362 741 4 62.3 0.006 32.21 
AP924 LA Yes -31.573433 159.083883 5 0.541 6.5 488 361 745 4 62.3 0.005 25.14 
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AP925 LA Yes -31.573500 159.083883 10 0.444 8.5 487 354 740 4 62.3 0.005 21.25 
AP926 PUN Yes -31.573500 159.083883 10 0.436 8.5 487 354 740 4 62.3 0.005 21.25 
AP927 LA Yes -31.572667 159.083983 0 0.538 7 488 446 785 32 40.6 0.033 157.15 
AP929 PUN Yes -31.572667 159.083983 10 0.478 7 485 446 785 32 40.6 0.033 157.15 
AP930 LA Yes -31.572967 159.083333 10 0.560 8 490 403 818 120 65.6 0.008 3.45 
AP931 LA Yes -31.572917 159.083650 5 0.552 8 488 413 796 97 53.3 0.031 12.13 
AP933 LA Yes -31.572500 159.083183 5 0.520 7.5 485 454 818 164 63.3 0.004 50.91 
AP934 LA Yes -31.572467 159.083217 10 0.441 7.5 480 458 820 176 60.6 0.009 71.39 
AP936 LA No -31.572100 159.083117 5 0.536 7.5 486 458 796 131 57.8 0.010 18.35 
AP938 LA Yes -31.571367 159.080967 20 0.579 8 510 274 577 109 54.7 0.005 6.90 
AP939 LA Yes -31.570983 159.080867 80 0.505 6.5 515 232 552 231 54.7 0.029 60.90 
AP942 LA Yes -31.571017 159.080850 20 0.434 7 510 234 552 231 54.7 0.041 45.29 
AP944 LA Yes -31.570967 159.080683 10 0.662 7 497 223 536 240 49.4 0.025 138.52 
AP949 LA Yes -31.570967 159.080417 40 0.737 4 479 214 512 247 41.4 0.013 66.10 
AP962 IN Yes -31.592220 159.072500 - - - 778 624 319 0 56.7 0.007 158.4 
AP963 IN Yes -31.571526 159.082699 - - - 612 382 731 81 48.1 0.006 106.7 
AP964 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP965 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP966 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP967 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP968 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP969 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP970 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP971 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
AP972 IN Yes -31.560695 159.084054 50 - - 611 415 760 41 36.8 0.042 161.9 
 
